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2. Cleome CxUIANENSis Aubl. PL Guiaii. 2: 675. 1775 

Sandy pine lands, Pinar del Rio, Cuba; northern South 
America, 

3. Cleome stenophylla Klotzsch; Urban, Symb. i\nt. 4: 251* 

1905 

Plains at low elevations, southern and southwestern Porto 
Rico; St. Bart's; Bonaire; hillsides, Curag:ao; Guiana. 

4. Cleome procumbens Jacq. Stirp. Am. 189, pi, 120, 1763- 

Hispaniola. Erroneously recorded from Cuba, and, appar- 
ently also erroneously referred to Jamaica, as Jacquin's figure of 
the type would seem to represent a well-marked species, not 
collected since its original discovery. 

5. Cleome Wrigpitii Urban, Symb. Ant. 5: 346. 1907 

Sandy soil, Pinar del Rio and Isle of Pines, Cuba. 

6. Cleome macrorhiza Wright; Sauvalle, Anales Acad. 

HabanaS: 199. 1868 

Pine-lands, Pinar del Rio, Cuba. 

7. Cleome obtusa sp. nov. 

Perennial by a slender woody root, glabrous; stems numerous, 
prostrate, simple or few-branched, slender, 5-15 cm. long. Leaves 
ovate or elliptic, 4-6 mm. long, rounded or obtuse at the apex, 
rounded at the base, the midvein prominent, the lateral venation 
obscure, the petioles 'i~2 mm. long; peduncles slender or filiform, 
4-8 mm. long; sepals obtuse, 2-2.5 long; petals yellow, 
oblong or oblong-obovate,. obtuse 'or acutish, 3-4 mm. long; 
stamens about two- thirds as long as the petals; filaments filiform; 
style about i mm. long; capsule elliptic, elliptic-obovate or oblong, 
compressed, mm. long, 2-2.5 mm. wide, obtuse at Abe' apex, 
somewhat narrowed at' the base, few'-several-seeded. 

"'Dry and rocky soil in , palm-barrens and savannas, Camaguey 
, and Santa; , Clara, ^ and in' sand on 'Cayo Guayaba, Cuba. , Ty|^9'' 
irom savannas near Gamaguey {Britton & CoweW 13163)^^ 
j'to indudedTn/C.;;Wffg/#^^^ ■, , '/ 
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52. CXEOME PROCU^MBENS Jacq. AND' ITS RELATIVES 

The small, simple-leaved Cleomes of the West Indies, form an 
interesting and peculiar group of the genus, very different in 
habit and aspect from the large, typical, compound-leaved ones., 
Seven species appear to be represented. 

Annuals or biennials. 

Pedicels filiiorm. 

Leaves linear-oblong; pod subterete. 

Leaves filiform; pod compressed. 

Pedicels veiuv short; leaves verx' narrowly linear. 

Perennials with woody roots. 

Pod acute or acuminate; leaves linear to oblong, acute or 
acuminate. 

Leaves acuminate; pedicels half as long as the pods. ' 4. C. procumhens^ 
Leaves acute; pedicels as long as the pods or longer. 

Petals about 4 mm. long; leaves oblong to oblong- 

lanceoiate. 5* C. WrigkUi. 

Petals S”io mm. long; leaves narrowly linear. 6. C.macrorMza. 

Pod obtuse; leaves ovate or elliptic, obtuse or rounded. 7. C. ohUisa, 

I. Cleome Sloanei Urban, Symb, Ant 5: 347. 1907 

Grassy and sandy places, at low elevations, southern side of 

Jamaica. 

This species is referred by Fawcett and Rendie, as previously 
by other authors, to C. procumhens Jacq,, which is, apparently, 
confined to Hispaniola. ; , ■ l ' 

[The BcxLFTiNVfor Dep^mber ,(43: 601-676), -was issued January Tp, '■ 


1. C. Sloaneu 

2. C. guiaftensis.^ 

3. C. stenophylla* 
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CHAMx%ECRISTA Moench IN THE WEST INDIES 


Type species: Chamaecrista nictitmis (L.) Moench 


Sepals rigid, scarious, many-nerved {DipJiyllae). 

Sepals meiiibranous, scarcely nerved. 

a. Prostrate herbs, the flowers on filiform peduncles. 

Leaflets onl}’ i pair, obovate; stipules cordate {Rohmdt" 

foliae). 

Leaflets 3-7 pairs, oblong to obovate; stipules lanceolate 
(Pilosae). 

Stems pilose. 

Stems appressed-pubescent. 

b. Erect, ascending or rarely prostrate herbs or shrubs. 

I. Midvein of the leaflet central or excentric, not 
marginal. 

^ Shrubs, with coriaceous or subcoriaceous leaves. 

^ t Leaflets many, 20-50 pairs, linear; stipules 

large; stem, fiexuous (Flextiosae), 
ft Leaflets fewer, 2-12 pairs, oblong or obovate; 
stipules small; stem not flexuous {Linea- 
tae). 

J Foliage densely pubescent. 

II Foliage glabrous dr puberulent. 

§ Leaflets dull. 

Leaflets obovate or oblanceolate. 

Leaflets 2 or 3 pairs, 5 mm. long or 
_ -i " . less. 

lj, A . "* Leaflets 3-11 pairs, 7-15 mm. long. 

^ Gland sessile. 

Gland stalked. 

Leaflets oblong. 

Leaflets acute, cuspidate. 

Leaflets rounded and mucronulate 
at apex. : 

§§ Leaflets shining. 

Leaflets oblong, or the upper obovate, 
1.5 cm. long or less, strongly 
callous-margined. 

Leaflets glabrous; gland large, 
nearly sessile. 

Leaflets ciliate; gland small, stalked. 
Leaflets elliptic to ovate to obovate, 
1.5-3 cm. long, not 
■ . margined. 

, Leaflets elliptic, acute. ' ' 

Leaflets ovate to obovat4'’''i^3il^lpS3k'"'' 
- ' retuse,,or mucronate^" t 
/'Leaflets 1-3 . pairs, 

, ^'mostly ■ retuse. ' 


I. C. diphylla. 


2. C. fotundifoUa, 


C, pilosa. 
C. serpens. 


5. C. flextiosa* 


5 . C. grammica. 


C. obcordata^ 


p. C. granulata. 


C. pineiorum. 


C, jamaicensis. 


C. portorieemis* 
C, TuerckheimiL 
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Leatletf 4-9 pairs, ovate to 

ovate-oblong, mostly obtuse, 16. C. Uicayana* 
Herbs or shrubs, %vitb membranous leaves 
■i -Gi u j ; u £ os iZ c , , 

t Flowers large, 2-4 cm. broad. 

Leaflets vliloui or pubescent beneath. 

Glands elongated, petiolar and also often 
between the learlets; midvein of leaflets 
nearly central, the lateral veins many, 17. C. glandulosa. 
Glands, *h,ort, sessile, petiolar only; mid- 
vein oi leaflets e.vcentricr, the lateral 
veins few. iS. C. Dussii^ 

Leaflets glabrous beneath. 

Leaflets oblong to linear; gland stipitate. 19. C. Swartzii. 
Leaflets obovate or oblong; gland sessile 

or stcut-stipiiate, 20. C. polyadena. 

tf Flowers small, seldom over i cm. broad. 

t Petiolar glands sessile, or very short- 
stalked. 

Prostrate; leaflets 4->6 pairs. 21. C. pygmaea* 

Erect or ascending; leaflets S pairs or more. 

Plant densely hirsute all over. 22. C, patellaria. 

Plants glabrate or more or less villous. 

Pod black-banded and black-mar- 
gined. 23. C.fasciaia, 

Pod not black- banded. 

Leaflets 10-15 long, the 
midvein little excentric. 24. C. mscMnomme* 

Leaflets 5'“S inm. long, the mid- 
vein very excentric. 

Petals 6 mm. long; plant 
sparingly short-pubescent. 25.' C. savamiarum* 

■ Petals' 3 mm. long; plant 

villous. 26, C. micrantha, 

$1 Petiolar glands distinctly stalked. 

Pod 3.5-4 mm, broad; pubescence, widely 

spreading. 27. G. riparia. 

Pod 3 mm. broad or less. 

Petiolar glands often 2 ; leaflets oblong; 
plant glabrous, or pubescent ' only ' 
abo\'e. 28. C. mirabilis, 

Petiolar gland x; leaflets linear or , 
linear-obloiig;, plant pubescent or 
vilioii®. ^ 29. C, Ckamaecris$a* 

Mtdvein of the, leaflet approximate to its upper 
in,argiii {SlngiUosae), ' , 

Petiolar gland small, subsesslle. ‘ ‘ 

Leaves sparingly pubescent. 30, C.s^rigiUosu." 

Leaves densely pilose. 31, C* ademsperma^' 
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Petiolar gland stalked. 

Pod glabrous or nearly so. 32. C. pedicdlaris ^ 

Pod sliort-pilose. 33. C , Buckii . 

1. CHA3IAECRISTA DiPHYLLA (L,) Greene, PittOilia 4: 28. 1899 

Cassia diphylla L. Sp. PI. 376. 1753. 

Type locality: “In India/’ 

Distribution: Provinces of Santa Claraj Pinar del Rio and 
on Isle of Pines, Cuba; Hispaniola; Porto Rico; recorded by 
Grisebach from St. Kitts and St. Vincent; continental tropical 
America. 

2. Chamaecrista rotunbifolia (Pers.) Greene,, Pittonia 4: 31. 

1899 

rotundifoUa Pers. Syn. x: 456. 1805. 

Ca^a bifoliata DC.; Collad. Cass. 120. ' 1816. 

Type locality: South America. 

Distribution: Provinces of Santa Clara and Pinar del Ria 
and on Isle of Pines, Cuba; Jamaica; continental tropical 
America. 

Illustration: Collad. Cass. pL g. 

3. Chamaecrista PiLOSA (L.) Greene, Pittonia 4: 28. 1899 

Cassia pilosa L. Syst. Ed. 10, 1017. 1759. 

Cassia Milleri Collad. Cass. 132. 1816. 

TimE locality: Jamaica (Sp. PL Ed. 2, 540). 

Distribution: Province of Pinar del Rio and Isle of Pines® 
Cuba; Jamaica; northern South America. 

4. Chamaecrista serpens (L.) Greene, Pittonia 4: 29. 1899. 

Cassia serpens L. Syst. Ed. 10, roi8. 1759. 

Type locality: Jamaica (Sp. PL Ed. 2, 541). 

Distribution: Provinces of 'Havana and Pinar del Rio, , Cuba; 
Jamaica; northern South America. ' ■ 

5. Chamaecrista flexuosa (L.) Greene, Pittonia. 4: 27. 1899 
L.,Sp. PL 379. 1753. 

Chamaecrista :yampUstipulata Rose,' Contr. Nat. ''Herb.'T,2:’,;,26'7« 
' 1909.^ ' y,' ; ' ' , '' ' A; ^ ^ 
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Type locality: Bra;^iL 

Distribution: Phirir del Rio and Isle of Pines, Cuba; cori'^ 
tiiiental tropical America. 

Illustration: Breyn, 2J. 

6. C'HAiiiAECRisTA GRATETiCA iBpreiig.) Pollard, Field Col, Miis. 
Bot. 2: 47. 1900 

Cassia j^^rafumica Spreng. Xeue Eiitd. 3: 55. 1822. 

Cassia lineata brachyloba Griseb. l\Iem, i\m. Acad. 11 . 8: 179. 
1S60. 

Type locality: IMaritime regions, Cuba and Hispaniola. 
Distribution: Cuba (according to Sprengel) and collected 
by Wrigiit in Orieiite; Hispaniola; Porto Rico; Little St. James 
Island, St. Jan. 

The plant of southern Florida, referred to this species by Chap- 
man and by Small, is distinct, according to the studies of Dr. 

PennelL 

7, Chamaecrista obcordata (Sw.). 

Cassia obcordata Sw.; Wikstr. Vetensk. Acad. Handl. 1825: 429. 
1826, 

Type locality: St. 'Bart’s. 

Distribution: St. 'Bart’s; I refer, with doubt, Dr. Boldinghs' 
No. 5288B from St. Martin to this species, which he recorded as 
Cassia polyadena DC. (FL Nederl, West Ind. 21 1); the St. Martin 
plant is more nearly related to.C lineata than to C. polyadena, 
Bentliam indicates the same affinity for the plant of St. Bart’s 
(Trans. Linn, Soc. 27: 572). No modern collections haAm been 
made 00 St. Bart’s; it lies close to St. Martin. 

8. Chamaecrista lineata (Sw.) Greene, Pittonia 4: 31. 1899 

Cassia lineata Svc, ^Todi, 66. 17,88., 

Cassia cmieafa Griseb, Cat. PI. Cub. 80. 1866. Not C. cumata 

DC. ' ' 

Type locality: Jamaica. 

'Distribution: Jamaica;', Cuban provinces 'of Oriente, Cam- 
aguey and , Santa Clara, and Isle of Pines; Hispaniola; Baham,as. 
Specimens'from,, the south^ .coast' of 'Santa .Clara, 'Cuba,,, have 
puberulent foliage. 
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9. Chamaecrista granulata (Urban) Britton, Ann. I^Iissoiiri 

Bot. Card. 2: 41. 1915 

Cassia portoricensis granulata Urban, Symb. Ant, x: 318, 1899. 

Chamaecrista portoricensis granulata Cook & Coliins, Contr. Nat. 
Herb. 8: 113. 1903. 

Type locality: Near Salinas de Cabo Rojo, Porto Rico. 
Distribution: Southwestern Porto Rico; Mona. 

10. Chamaecrista pinetorum sp. nov. 

Shrubby, 4 dm. high, or higher, the branches slender, densely 
appressed-piibescent with brownish hairs. Stipules linear-lanceo- 
late, striate, long-acumlnate, 4-6 mm. long; leaves 3-5 cm. long, 
the rachis appressed-pubescent; leaflets 9 pairs or fewer, sub- 
coriaceous, linear to linear-oblong, 10-15 long, 2-4 mm. wide, 
glabrous on both sides, dull, acute and cuspidate at the' apex, 
obliquely rounded at the base, closely pinnately veined, the 
prominent midvein nearly central, the petiolar gland slender- 
stalked; peduncles filiform, appressed-pubescent, 2-bracted, about 
3 cm. long; sepals lanceolate, acuminate, 10-12 mm. long; petals 
obovate, somewhat shorter ; than the sepals or as long ; ovary 
appressed-pubescent. 

Pine woods, near Constanza, Santo Domingo, at 1,200 m. alt. 
{TuercMieim 28S7), 

11. Chamaecrista jamaicensis Britton, Bull. Torrey Club 42: 

515* 1915 

Type locality: South slope of Long Mountain, Jamaica. 
Distribution : Southern side of Jamaica. 

12. Chamaecrista portoricensis (Urban) Cook & Collins, Contr. 

Nat. Herb. 8: 113. 1903 

Cassia portoricensis Urban, Symb. Ant. i : 317. ' 1899. ^ 

Cassia portoricensis callosa Urban, Symb. Ant. i: 317. 1899. 

Chamaecrista 'portoricensis callosa Cook & 'Collins, Contr. Na't* 
Herb. '8: 113. , 1903. ^ , ; ' ' 

Type, locality: 'Near Guayanilla, Porto Rico./ 

' ^ DistRiBUTiON :■ ^ Southern and ' western Porto, Rico. 
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13, Ctiamaecrista Tuerckheirnii sp. nov. 

Shrubby j with a deep woody root; stems slender^ villous- 
pubescent, 8-10 cm,, long. Stipules obliquely ovate-lanceolate, 
acuFiiinatej striate, 2-3 mm. long; leaves 2-2.5 cm. long, the 
rachis villous-pubescent: leaflets 6 or 7 pairs, Hnear-oblong, to 
oblong-oblanceolate, 6-8 mm. long, about 2 mm. wide, ciliate, 
shining, rounded or subtruncate and niucronulate at the apex, 
obliquely rounded at the base, pinnately veined with the promi- 
nent mid vein somewhat excentric, the petiolar gland short- 
stalked; peduncles slender, villous, about 2 cm. long; sepals 
lanceolate, acuminate, villous, 7-8 mm. long; petals obovate, 
about twice as long as the sepals; legume linear, narrowed at both 
ends,, nearly glabrous, 1.8 cm. long. 

Near Maniei de Ocoa, Santo Domingo, in fields, 300 m. a!t« 
(Tnerckhemi 3680). 

14. Chamaecrista caribaea (Northrop) 

Cassia caribaea Northrop, Mem. Torrey Club 12'; 39. 1902. 

Type LOC^rnTY: Fresh Creek, Andros, Bahamas. 
Distribution: Andros, New Providence and Cat Island, 
Bahamas. 

Illustr*‘-ition: Northrop, loc . ciL pL 6, 

15. Chamaecrista inaguensis comb. nov. 

Cassia imguensis Britton, Bull. N. Y. Bot. Card. 3; 443. ' 1905. 
Type locality; Inagua, Bahamas. 

Distribution: Inagua, South Caicos, Grand Turk,' and 
Ambergris Ca}^ Bahamas. 

' % 

16. Chamaecrista lucayana comb. nov. 

Cassia lucayana B'rittoii, Bull. N. Y. Bot. Gard. 4: 138. 1906.' 
Type locality: Cay north of Wide Opening, Exuma Chain, 

Bahamas.' 

Distribution: Great Bahama, Cat Island, Conception, Rum 
Cay, and Exuma Chain, Bahamas. ' ' 

1 7. Chamaecrista olandulosa (L.) Greene, Pittonia 4 : 28, 1899 

Cassia glandulma L. Syst. Ed. 1,0, 1017. 1759. ' ' ^ ^ 

Cassia rnTgaia Sw. Frodr. 66.' . 1788.. 
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?Cassia stricM Schrank, Hort. Monac. i: pL 34. 1819. 

Chamaecrista virgata Greene, Fittonia. 4: 31, 1899. 

Type locality: Jamaica. 

Distribution: Jamaica. 

Illustb-ATions: Bot. Mag. pL 343s; Schrank, loc. oil, 

Linnaeus included, in his citations of synonyms of this species, 
several others, but his description of it, together with his having 
received a Jamaica specimen from the collection of Patrick Browne, 
prior to his publication, as I am informed by Dr. B, Daydon 
Jackson, Secretary of the Linnaean Society of London, show that 
the name is to be restricted to the Jamaica plant. Subsequent 
authors have confused it with species from other 'islands and from 
continental tropical America. The identity of Cassia nirgata Sw. 
was established for me by Mr. William Fawcett at the British 
Museum of Natural History. Cassia stricta Schrank, from the 
illustration and the Jamaica habitat, appears referable here, but 
Schrank’s description of the plant is not altogether conclusive; 
he says the root is annual. 

18. Chamaecrista Dussii sp. nov. 

Perennial, villous-pubescent, erect, simple, 5-9 dm. high, some- 
what woody. Stipules narrowly lanceolate, strongly striate, 10- 
12 mm. long; leaves 5-7 cm. long; petiolar gland close to the 
lowest leaflets, scutelliform, sessile, slightly concave, nearly i mm. 
in diameter; leaflets about 17 pairs, linear, pubescent on both 
sides, 10-18 mm. long, 2-3 mm. wide, obtuse, mucronate, in- 
equilateral, the midvein excentric, the lateral veins few and 
distant; peduncles 4-6 mm. long; sepals lanceolate, acuminate, 
pubescent, about 7 mm. long; petals obovate, 8-10 mm. long; 
pod linear, slightly curved, villous-pubescent, obliquely short- 
tipped, 3 cm. long, 5 mm. wide. 

Guadeloupe and Martinique. ' Type from Trou-Vaillant, Par- 
nasse, Martinique {Phre Duss 1121), 

19. Chamaecrista Swartzii (Wickstr.) 

Cassia Swartzii Wikstr., Vetensk. .Acad. HandL 1825: 430.' 1826. 
Chamaecrista ^mmplexaPd&dxd^ Field Col. Mus.'Bot* 2: 47. ; ,1900.'' 

Type' locality: St., Barfs. \ 

: Distribution; Porto 'Rico; Vieques; Culebrai. SL-Thomd^^ 
'St. Jan;'Tort6la; St.''Croix;Saba; St. Barfs; St. Kitt^s; Dominica; 
Guadeloupe;:, Grenada^,/ ; ^ 
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The species has been much confused with the Jamaican C. 

20. Cliamaecrista polyadena (DC.) 

Cass'ki pohade^ia DC. Mem. Soc. Hist. Nat. Gen. 2: 132. 1824. 

Type locality: Guadeloupe. 

Distributiox: Giiadaloape: Dominica; Martinique; Barba- 
does. 

hJy identification of this species is based on my examination of 
the i}”pe, some years ago, in the Candollean herbarium at Geneva^ 
Switzerland. Notwithstanding the usually sessile petiolar gland 
and the relatively broader leaflets, I am not confident that this 
species is distinct from the preceding one. 

21. Chamaecrista pygmaea (DC.) 

Cassia pygmaea DC. IMem. Soc. Hist. Nat. Gen. 2: 131. 1824. 

Type locality: Santo Domingo. 

Distribution: Hispaniola, 

Referred by Bentham to Cassia procumhens L., which is a 
syne^nym of C. niciitans L. of continental North America, as 
previously indicated by me (Bull. Torrey Club 43: 463). 

22. Chamaecrista patellaria (DC.) Greene, Pittonia 4: 32. 

1899 

Cassia patdlaria DC.; Coilad. Cass. 125. 1816. 

Type locality: Cayenne. 

Distribution: Jamaica; all provinces of Cuba and on the Isle 
of Pines; continental tropical America. 

Illustration: Collad. Cass. pL 16. 

23. Chamaecrista fasciata Britton, Bull. Torrey Club 37: 352* 

1910 

Type locality : Between Bath and Cuna-Cuna Gap, Jamaica* 
Distribution: Jamaica; Cuban provinces of Oriente, Cam** 
aguey, Santa Clara and Havana. 

24* Chamaecrista aeschinomene' (DC.) Greene, Pittonia 4: 32. 

1899 

Crvjw DC.; Collad. Cass. T27Y 1816. 

Clmmmcrisia Millspaughii Pollard, , Field , Col. Mus. Bot. 2: 47N 

1900. ' , ' ' ' ' ^ u \ ^ y : ^ ^ ' ;; 
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Cassia mimosoides aeschynomene Benth. Trans. Linn. Soc. 27; 579* 
1S71. 

Type locality: Santo Domingo. 

Distribution: Jamaica; all provinces of Cuba; Hispaniola; 
Porto Rico. 

Illustration: Collacl. Cass. pL ij. 

25, Chavaecrista savannarlai Britton, Bull. Torrey Club 43: 

463- 191b 

Ty"PE loCxVLITY: Near Sigiianea, Isle of Pines, Cuba. 
Distribution: Savannas and pine-lands, Pinar del Rio and 
Isle of Pines, Cuba. 

26. Chamaecrista micrantha Britton, Bull. Torrey Club 43: 

463. 1916 

Tyte LOCALITY': Near San Pedro, Isle of Pines, Cuba. 
Distribution: Pine-lands and savannas, Pinar del Rio and 
Isle of Pines, Cuba. Referred by Grisebacb to Cassia pygmaea 
DC. ' 

27. Chamaecrista riparia (HBK.) 

Cassia riparia HBK. Nov. Gen. 6: 369. 1824. 

Type locality^: Banks of the Magdelena River near Mompox* 
Distribution: Jamaica; province of Havana, Cuba; Grand 
Cayman; Andros, New Providence and Eleuthera, Bahamas* 
northern South America and recorded from Central America. 

The plant of the Bahamas was referred by me with some doubt 
(Bull. N. Y. Bot. Card. 3: 443) to Cassia aspera MuhL, which it 
closely resembles, except in the petiolar gland. Cuban and 
Jamaican specimens differ from the Bahaman in having the gland 
somewhat longer-stalked. 

I have not been able' to’ study an authentic specimen of C. 
riparia. Bentham^s record of it as West Indian was based upon 
a plant collected in Cuba by Liebmann, preserved in the Kew 
herbarium. 

28. Chamaecrista mirabilis Pollard, Proc. Biol. Soc, Wash. 15: 

19. 1902 

Cassia' miraUUs Urban, Symb.'Ant. 4: 276. 1905. 

TypE’LOCAiiTy:, Rio' Piedras, Porto Rico. 

/ Distribotion: Northern coastal plain, Df:| Porto Rico, 7 '; 
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29. Chamaecrista Chamaecrista (L.) 

Cassia Clidmaccrista L. Sp. PI. 379, 1753. 

Cassia diffusa DC. Soc. Hist. Nat. Gen. 2: 130. i824« 

Cassia sm{imgdma Fi. Jam. i: 347. 1837. 

Ckamaecrista diffusa Britton, Ann. ^Missouri Bot. Card. 2: 41. 
1925 - 

Type locality: Curasao. 

Distmbutiox: Bahamas; Jamaica; Cuba; ? Hispaniola; Porto 
Rico; St. Jan; St. Croix; St, Kitts; Guadeloupe; Grenada; Curasao; 
i\Iargarita. 

Illustilitioxs : Breyn, pL 24; Schrank, Hort. Moiiac. pi- 33^ 
The species has been much confused with the annual G 
nicMimis of eastern continental North America. 

The recognition of the plant of Curasao as typical Cassia 
Cliamaecrisia brings C. diffusa into its synonymy. 

30- Chaiiiaecrista strigillosa (Benth.) 

Cassia strigiilosa Benth. Trans. Linn. Soc. 27: 581. 1871. 

Type locality : Cuba. 

Distributiox: Province of Oriente, Cuba; Santo Domingo 
(according to Bentham). Referred by Grisebach to Cassia 
serpens L. 

31.' Chamaecrista adenosperma (Urban) 

Cassia adenosperma Urban, Symb.'Ant. 5: 362. 1908. 

Tyte LOCALITY'; Sierra del Palo ' Quemado, Santo Domingo. 
Distributiox:' Known only from theType locality, and, to 
me, only from the description.' 

32. Chamaecrista pedicellaris (DC.) 

Cassia pedicellaris DC, Prodr. 2: 504. 1825. 

Type LOCALITY: Santo Domingo. 

Distribution: Hispaniola.' 

33. Chamaecrista Bischii (Urban) ' 

Cassia^BncMi Urban', Symb. Ant. 5: 361.^ 1908. 

Type locality: Near 'Gonaives, Haiti. ' 

'Distribution': Know'H only from the type locality and, to' me^ 
only irom The ''descrip'tion.' 1 '1. ' ::A 



Britton; Studies of West Indian plants 


13 


54. THE GENUS LEUCOCROTON Crises. 

A Cuban genus, of which four species have been described. 
L. WrighiU Griseb. is the type species. 

A, Leaves pinnately veined. 

Leaves chartaceous. 

Pistillate inflorescence i-flowered at the summit; stami- 

nate flowers racemose. i. L. WrigMH. 

Pistillate flowers racemose, the staminate glomerate- 
spicate. 2. L. fiamcans . 

Leaves coriaceous, linear-oblong or linear. 

Leaves densely whitisli-scurfy beneath. 

Leaves strongly revolute-margined, not reticulate- 

veined beneath, coarsely reticulate-veined above. 3. L. re^'joltdus. 
Leaves slightly re volute-margined, strongly reticulate- 

veined beneath, finely reticulate-veined above. 4. L. saxicola. 
Leaves glabrous on both sides. 

Leaves mostly rounded and mucroniilate at the apex, 

dull, 6-10 mm. wide. ' 5. L, angusiifoUui\ 

Leaves emarginate, shining, 3~S mm. wide. 6. L. Umarifolius^ 

Leaves palmately 5-veined. 7. X. vi/ens, 

1, Leucocroton Wrightii Griseb.' Abh. K 5 n. GeselL Wiss. 

Getting. 9: 21. i860 

Woodlands and banks of streams, Oriente; Pinar del Rio. 

2, Leucocroton flavicans Muell. Arg. in DC. Prodr. 15L* 757, 

1866 

L. flavicans laHfoUus MuelL Arg. loo, cit, 1866. 

L, flmicans angustifoli-us Muell. Arg. lac. cit. 1866. 

Serpentine hillsides, Matanzas, Havana. The locality of C, 
Wright*s no. 1994 is not recorded. 

3, LEUCOCROTON' REVOLUTUS Wright; Sauvalle, Anales Acad. 

Habanay: 154. ,1870 

Known only from 'the type locality between La Mulata and 
La Palme, Pinar del Rio. 

4. Leucocroton saxicola sp. nov. 

A shrub, i“3.3 ,m. high, much, branched, the twigs short and; 
stout. Leaves coriaceous or subcoriaceous, narrowly .oblohg' or 
oblanceolate,, 3-1 1 urn. long, 2 cm, wide or less,,, rounded' or emar- 
:ginate' and ''ablcnlate, at the apex, narrowed; ;,at.'The 'base, ''finely 
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reticulate-veined, glabncus, and vith impressed midveiii above, 
strongly reticulate-veiiied, niiniiteh' scurty and with prominent 
midveiii beiiea-tn, the petioles 3—6 nim. long; staniiiiate floAvers 
racernose-spicate in the upper axils, the intiorescence 2-“3 cm. long; 
bracts lanceolate, acute, abf,:mt 1.5 nim. long; pedicels 1-2 mm. 
long: buds siibglobose. lepidore, i nim. in diameter. 

Rocky banks and hillsides, mountains of northern Oriente. 
Type collected at Arroyo del Aiedio, above the falls, 450 - 55 ^) 
alt. 'Shafer j 466). 

Similar to A, reivlntus, but the A’enation of the leaves is quite 
different. In L. revohitus only the pistillate inflorescence is 
knoAvn; in L, saxicola only the staminate. 

5. Leucocroton angustifolitis sp. nov. 

A much-branched, spreading shrub,' about 6 dm. high, the 
twigs bearing distant ieaf-scars. Leaves scattered, coriaceous, 
glabrous, linear or linear-oblong, 5-10 cm. long, 13 mm. wide or 
less, revoliite-margined, rounded and mucronulate or eraarginate 
at the apex, narrotved at the base, the midvein impressed above, 
prominent beneath, the primary lateral veins numerous, diverging 
at nearly right angles from the midvein, both surfaces reticulate- 
veined, the petioles 4“6 mm. long; pistillate flowers solitary at 
the ends of clustered, terminal, slender, scaly, bracted peduncles 
2“-3 cm. long; bracts lanceolate, numerous, acute, ascending, 1.5 
mm. long; calyx-segments lanceolate, similar to the bracts; ovary 
depressed-globose, obtusely 3-lobed, lepidote; styles stout, re- 
curved. 

Rio Guayabo, above the falls, Oriente, 450-550 m. alt. {Shafer 

3626). 

6, Leucocroton (?) linearifolius sp. nov. 

A much-branched shrub about 6 dm. high, the twigs short, 
stiff, covered by ieaf-scars. ■ Leaves densely clustered at the ends 
of the twigs, coriaceous,’ glabrous, linear, 3-6 cm. long, 3-5 mm. 
wide, shining on both sides, eraarginate at 'the apex, gradually 
narrowed to the base, short-petioled, the midvein impressed 
above, prominejit beneath, the lateral veins very numerous and 
close together; prominent on both surfaces, diverging nearly at 
right angles to the raid vein, simple, or forked;, 'staminate flowers 
few, in short, solitary slender-pedunded ra'Cemes, shorter than 
the leaves, the pedicels filiform, 2 mm. long, '’the bractlets' linear- 
lanceolate ; , bud of the staminate flower globose, ' 1 mm. in diameter. 

Rocky bank mf' river at.Camp^ La" 'Barga',, Oriente, 450 ' m. 
alt. (Shafer 4144}.' ' /.ff'’;;;);; ’y:/, 4,^ ' w/ ; 
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7. Leucocroton VIRENS Griseb. Nachr. Gesell. Wiss. Getting. 

1865: 175 

Mountain woodlands, Oriente. The foliage of this species is 
very different from that of the others. 

55. PASSIFLORA IN CUBA 
Type species: Passiflora -incarnata L. 

A. Flowers subtended bj" 3 large foliaceous bracts [Grana- 

dilla]. 

Bracts united below the middle; leaves ovate, entire, 

membranous. i. P. maliformis. 

Bracts distinct to the base. 

Branches sharply 4-angled; leaves ovate, entire, 
membranous. 2. F, quadrangnlaris^ 

Brandies not 4-angled. 

Leaves entire, subcoriaceous, glabrous. 3. P. ImmfoUa: 

Leaves lobed or parted. 

Leaves pedately parted, membranous, pubes- 
cent, the segments serrate. 4. P. pedata* 

Leaves obtusely 3rlobed, glabrous, the lobes 
entire. 3. P. pollens. 

B. Flowers subtended by small or pectinate-pinnatifid bracts, 

or bractless. 

1. Flower-tube cjdindric or cylindric-campanulate; corona 

not plicate [Murucuja]. 

Leaves entire, ovate to elliptic. 6^ P. cuprea. 

Leaves lobed or subtruncate. 

Leaves 2-lobed or subtruiicate. 

Leaves membranous, not reticulate-veined, 

deeply 2-iobed, the lobes acute. 7* F. nipensis. 

Leaves coriaceous, reticulate-v^eined, the lobes 

obtuse or rounded, or apex subtruncate. 8. P. ,cnbmsu\ 

Leaves 3-lobed at the apex. 9. P. Shaferi. 

2 . Flower-tube short or none; corona longitudinally 
plicate [Plectroste3«ima|. 

A. Petals none. 

Leaves 3-divided, the segments stalked, 3-cleft, 10.' P. B&iefiona. 

'Leaves lobed or entire. ii.. P. pallida,. 

B. Petals present. 

a. Flowers subtended by pinnntisect bracts. ^ 

' Leaves membranous, flaccid. 12. F.fodida. 

LeaveS' cliartaceous. 

Plant densely velvety-pubescent. P. gossypifolm. 

, Plants glabrous, usually with some stalked glands* 14. P* pseudociUaiaM ^ 

b. Bracts small,; not' pectinate-pinnatifid. 

— . ' ' '* Peduncles 'elpngatedt i-fiowered, lQ,nger than the .''v, 

' leaves. '/A ■ v"', 1,^. 
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Ped, uncles nruch shorter than tlie leaves. 

Leaves c-iobed, mostly broader than long. 

Flowers solitary, slender-podiincled, 3~4 cm. 

broad; fruit 3-5 cm. in diameter. 16. P. mbra. 

Flowers clustered in the axils, 1.5-2 cm. broad, 
very short-pediincled, the pedicels slender; 
fruit about 8 mm. in diameter. I7> * sexfiora. 

Leaves entire or bluntly 3-loLed, longer than broad. 

Leaves oblong or oblong-lanceolate, entire, 

rounded at the base. iS. F. mnUifiora, 

Leas-es brrsadly ovate, obtusely 3-Iobed, mostly 
cordate at the base. I9* -P- kolosericea. 

C. PuLlished species not grouped. 

Lexives ovate to elliptic, dentate. 20. F. dasyadenia. 

D. Known only from foliage. Leaves deeply s-lobed, the 

lobes dentate. 21. A plant of the Isle 

of Pines. 

I. Passiflor-I m.\lifo'rmis L. Sp. PL 956. 1753 

Type locality: Near Port de Paix, Santo Domingo. 
Distribution: Oriente, collected by Wright: — Hispaniola to 
Barbadoes; Jamaica; South America. Perhaps not indigenous 
in Cuba. 

2. Passiflora quadrangularis L. Syst. Ed. 10, 1248. 1759 
Type locality: Jamaica. 

Distribution: Uncommon at Santiago de las Vegas (Van 
Hermann 616) : — Native of Nicaragua; widely cultivated in tropical 
America, and locally spontaneous, 

3. Passiflor^sl laurifolia L. Sp. PI. 956. 1753 
Type locality: Surinam. 

Distribution: Thicket, upper valley of the Rio Navas, 
Orknte' (Shafer 4411): — native from St. Thomas and St. Jan to 
Trinidad and South America. , Spontaneous after cultivation in 
Hispaniola and Jamaica. 

4.' PaSSIFLOILL FEDATA L. Sp. PL 960. I753' 

Type locality: ^ Santo Domingo. 

DistributiOxN: 'Woods and thickets, Santa Clara, Pinar del, 
Rio: — Plispaiiiola; northern South America. 
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5* Passiflosa fallens Poepp.; Masters in Mart» FI. Bras. 13F 

567. pL 128 J, 4, 1872 

Type locality: Cuba. 

•Distribution: Thickets^ Havana, Pinar del Rio:— Florida; 
Venezuela. 

Recorded by Grisebach and by Sauvalle as P. si/ipulaia AtibL 

6. Passiflora cuprea L. Sp. PL 955. 1753 

Type locality: New Providence, Bahamas. 

Distribution: Near Baracoa, Oriente; cays of northern 
Camaguey : — Bahamas. 

7. Passiflora nipensis sp. nov. 

Glabrous, glandless, slender, 8 dm. long or longer. Leaves 
cuiieate, 24 obed to the middle or beyond, 1.5-3 cm. long, rather 
strongly 3-nerved, the nen^^es impressed above, prominent be- 
neath, excurrent, the secondary venation sparse and slender, the 
lobes lanceolate, acute, the slender petioles 2.5-5 mm. long; 
tendrils' 'filiform, 2-4 cm. long; peduncles solitary or geminate in 
the axils, 10-14 long; fruit globose, dark blue, about 1.5 cm. 
in diameter; seeds oblong, transversely ridged, about 3 mm. long. 

Open dry situations in pine lands, Sierra Nipe near Woodfred, 
Oriente, 500-650 m. alt. {Shafer ^354). 

8. Passiflora cubensis Urban, Symb. Ant. 3: 326. 1902 

Passiflora coriacea A. Rich, in Sagra, Hist. Cub. 10: 288. ' 1845* 

Not Juss. 

Type locality: Cuba. 

Distribution : Serpentine barrens, savannas and coastal 
thickets, Oriente, Camaguey, Santa Clara, Havana. ' Endemic, 

Referred by Grisebach to P. murmuja L, and to P. oblongata 
Sw. The species is variable in leaf-form. 

,9. Passiflora Shaferi sp. nov. 

A glabrous vine, about ,,2 m. long. Leaves thin, elliptic- 
obovate,,4-5 cm. long, bluntly and shallowly 3-Iobed at the apex, 
rounded ' or obtuse at the base, strongly 3-iierved, each nerve 
extending to a lobe and scarcely, if at all, excurrent, with 2 m^eaker 
short basal nerves, both^ surfaces reticulate- veined, the' upper 
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surface soinevrliat sliiniiigc the lower dull, the glandless petioles 
4-7 rnm. long; peduncles mostly 2 together in the axils, 1-2 cm. 
long: bracdets subulate, T.5-2 mm. long; flowers about 3 cm. 
long, red, the tube cylindric, 1-1.5 cm. long; fruit subglobose, 
about I cm. in diameter. 

Between Natms and Camp Buena Vista, Oriente, at 650 m. 

alt. (Shafer 4466). 

10. Passiflor^u Berteriana Balb.; DC. Prodr. 3: 325. 1828 

Type locality: Santo Domingo. 

Distribution: Recorded by Grisebach as collected in Cuba 
by Wright; — Santo Domingo. 

II. PaSSIFLORA PALLIDA L, Sp. PL 955. I753 

PassMora winima L. Sp- PL 959. 1753. 

Passiflora subejosa L. Sp. PL 958. 1753. 

Fassifiora Idrsuia L. Sp. PL 958. 1753. 

Passiflora angnstifoUa Sw. Prodr. 97. 1788. 

Passiflora Iiederacea Cav. Diss. 10: 448. 1790. 

Type locality: Santo Domingo. 

Distribution: Banks, thickets and hillsides, all provinces 
and Isle of Pines: — Florida; Bermuda; West Indies and tropical 
continental America. The many races differ in leaTform and 
pubescence. 

12.. Passiflora foetida L.'Sp. PL 959. 1753 
Type locality: Dominica. 

Distribution: Thickets and roadsides, Oriente, .Havana, 
Pillar del Rio, Isle of Pines: — ^West Indies; continental tropical 
America; Old World tropics. ' 

13. Passiflora gossyfifolia Desv. in Hamilt. Prodr. PI. Ind. 

Occ, 48: 1825 

P. foetida gossypifoUa Masters in Mart. FL Bras. 13B 582. 1872, 
TimE locality; Not cited, presumably West 'Indian. 
Distribution: Dry hillsides, southern Oriente: — continental 
tropical America. ■ ' , 
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14. Passlflora pseiidociliata sp. now 
1 Passiflora mliaM polyadena Griseb. Cat. PL Cub. 285. 1866. 

Herbaceous, glabrous, 2 m. long or less. Leaves membranous, 
but not flaccid, variously 34 obed, or sometimes 54 obed, 2~8 cm. 
broad, bearing few or many slender-stalked glands, or glandless^ 
the lobes oblong, acute or obtuse, few-toothed or entire, the 
slender petioles 1-5 cm. long; peduncles solitary in the axils, 
longer than the petioles, sometimes nearly as long as the leaves; 
bracts pectinate-pinnatifid; flowers blue, 4-6 cm. broad; petals 
narrowly oblong, blunt; crown-processes filiform, much shorter 
than the petals; fruit inflated, bladdery, ellipsoid or siibglobose, 
red, 3-6 cm. long, short-stipitate, longer than the bracts. 

Barren hillsides and coastal thickets, Camaguey, Santa Clara, 
Matanzas, Havana, Pinar del Rio. 

Type from rocky soil in savanna near Camaguey {Britton & 

Cowell 13 1 

Referred by Grisebach to P. ciliaia Ait., and by Combs to 
P, foetida L. 

Specimens from the Sierra Nipe, Oriente, with large leaves and’ 
fruit (Shafer joSij 3618) are doubtfully referred to P. ciliaia Ait., 
but they do not show the bracts, which, in P. ciliaia- of Jamaica^ 
are as long as the fruit or longer. 

15. Passiflora pexduliflora Bert.; DC. Prodr. 3: 326. 1828 
Type locality: Jamaica. 

Distribution : ' Coastal woods and thickets, Oriente, Cam- 
aguey: — Jamaica. 

16. Passiflora rubra D. Sp. PL 956. 1753 

Type locality: Martinique. 

Distribution: Banks and thickets at lower and middle eleva- 
tions, Oriente,' Camaguey, Santa Clara, Matanzas, Havana: — • 
West Indies; continental tropical America. 

The' Passiflora puhescens HBK., recorded as Cuban by A. 
Richard, is, presumably, this species. 

17. Passiflora sexflora Juss. Ann. Mus. Paris 6: no. fl . 3 Tt 

' /. j. 1805 
Type locality:, Santo Domingo. ■ 

' Distribution:'' Thickets and hillsides, 'Oriente, Santa Clarat~" 
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Florida; Jamaica; Hispaniola; Porto Rico; recorded from St. Kitts; 
Fiexico and Central America. 

iS. Passiflora multiflora L. Sp. PL 956. 1753 

Type locality: Near Port de Paix, Santo Domingo. 
Distribution: Rocky banks and coastal thickets, Oriente^ 
Camaguey, Santa Clara, Pinar del Rio, Isle of Pines: — Fioridai 
Bahamas; Hispaniola to Tortola: recorded from Costa Rica. 

19. Passiflora holosericea L. Sp. PI. 958. 1753 

Passiflora rel-imhta C. Wright; Sauvalle, Anales Acad. Habaiia 6: 
96* 1869. 

Type locality: Yera Cruz [iMexicoj. 

Distribution: Roclc}' hillsides and coastal thickets, Matan™ 
zas, Pinar del Rio: — ^Mexico. 

20. Passieloiuv dasyadenia Urban, Symb. Ant. 3: 328. 1902 

Type LOC*u.iTy: Near El Aji [Oriente]. 

Distribution: Type locality and collected also on the Sierra 
de Anafe, Pinar de! Rio (Wilson & Leon 11534); flowers of 'both 
the Oriente and the Pinar del Rio plant are unknown. 

21. Passiflora 

A high climbing, sparingly pubescent vine. Petioles slender, 
2-4 cm. long, bearing 2 small glands below the middle; leaves 
subchartaceous, deeply 3-lobed, subtruncate at base, 10 cm. long 
or less, the oblong lobes i“3 cm. wide, acute, dentate, loosely 
reticulate- veined . 

Coastal plain, San Juan, Isle of Pines (Britton df Wilson 154^6). 
Pmsflora incarnaia L. of eastern continental North America 
is recorded by A, Richard (Sagra, Hist. Cub. 10: 289) as having 
been found in Cuba, but I have no other evidence of its occurrence 

there. 

56. RONDELETIA IN CUBA 
Type species; Rondeletia americana L. 

A. Capsule globose to globose-pyriform. 

I. ijttflorescejice terminal or terminal and axillary. ' ■ 

c. Twigs strlgose. 

Cymes several-many-flowered; leaves elliptic to 
ovate-elliptic, 3-8 om., long.. ; x. ' 
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Peduncles i -"3 -flowered; Iea\’es oblong* 5-20 mm. 
long. 

d. Twigs glabrous or puberulent. 

* Pedicels very slender or Aliform. 

t Leaves small, 1-2.5 era. long; peduncles 
I- to few-flowered. 

Calyr-lobes dilated above. 

Leaves ovate, rounded or subcordate at 
the base; cahw-lobes little dilated. 
Leaves oblong, oval or obovate, nar- 
rowed or obtuse at the base; 
calyx-lobes much dilated. 

Wholly glabrous; petioles 1-2 mm. 
long. 

Petioles ciliate, 4-7 mm. long. 
Calyx-lobes linear or subulate, not dilated. 
Foliage puberulent- 
Foliage glabrous. 

ft Leaves up to 7 cm. long; inflorescence 
several- to many-flowered. 

^ Pedicels stout, short, 
t Leaves petioled. 

Capsule subglobose or short-pyriform. 
Corolla densely silky-pubescent. 

Corolla glabrous or with a few scattered 
hairs. 


2. i?. microphyUa. 


3. i?. Shafer L 


4. i?!. peduncular is. 

5. R, pachyphylla. 

6. R. pedicellarts. 

7. R, alakrnoides. 

8. R. subglabra. 


g. R. hrachycafpOL 


Calyx-teeth deltoid, minute. 10. R, stellaia. 

Calyx-teeth ovate or oblong. 

Petioles slender; capsule sub- 
globose. II. R. angusiata. 

Petioles stout; capsule subpyri- 
form. 12. R. canellaefolm.- 

Capsule oblong, about twice as long as 
thick; leaves elongated, petioled. 13> mUicola. 

ft Leaves sessile, obloiig-oblanceolate; capsule 
short-pyriform. 14. R. yamufimsis.. 

Inflorescence axillary or lateral, 
tf. Peduncles elongated, often as long as the leaves or 
longer. 

Leaves sessile, cordate, 5-8 cm. long. 15. i?. condfoUa. 

Leaves petioled, 3'S cm, long. 

Petioles about 2 ram. long. 16. R. Lindmiana.. 

Petioles 8-12, mm. long. 

Stipules triangular, obtuse; leaves obtuse 
or rounded at the base. , . R. nimmimm. 

Stipules linear-subulate, broadened below; 
leaves rounded at the base. iS. ' R* Zdoni. 

Peduncles short, much shorter than the leaves. 

* Leaves membranous ’ to chartaceous; inflor- 
.escence '"'mostly few- to several-flowered, 

' rareiyM-fliowered. ''A 
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r Leaves faiiitK* reticulate-veined beneath or 
not reticulate-veined. 

Leaves glabrous, or merely puberulent, the 

venation obscure, ^9* chawdsbiixifolidw 

Leaves denseh* strigose-pubescent beneath, 

pinnateiv veined. 20. R. intermixta. 

tt Leaves strongly reticulate-veined beneath. 
t L.eave?. ovate to elliptic. 

Leaves rounded at the apex. 

Calyx-lobes triangular; leaves 4 cm. 
long or less, the petioles stout. 21. R. lomensis. 

Cal\rx-lobes ovate-oblong; leaves 2 
cm. long or less, the petioles 
slender. 22. R, haracoensis. 


Leaves acute or acutish at the apex; 
inflorescence subcapitate. 

Inflorescence subsessile. 23. R. rigida. 

Inflorescence manifestly peduncled. 24, R. mpensis. 

Leaves oblong. 

Cal3‘’x-lobes linear, linear-lanceolate or 
ovate, acute or acutish. 

Leaves i cm. long or less. 25. R. Rugelii. 

Leaves 1.5-6 cm. long. 26. i?. CombsU. 

Calyx-lobes broadbc ovate, rounded or 
Obtuse- 

Leaves iomentulose beneath. 27, R. cmnarioca. 

Leaves strigose on the veins beneath. 28. R. instdaris. 
Leaves coriaceous, niostlj- small; peduncles 
mostlj" i-fio%vered. 

Leaves ellijitic to orbicular, obtuse or rounded. 

Leaves silvery-puberulent beneath. 29. R. savannarum. 

Leaves tomentose beneath. 

Leaves elliptic, 1.5-2 cm. long; 'caljux- 
lobes linear-lanceolate, acuminate. 30. R, miwsa. 

Leaves oval or orbicular, s-15 mm. 

long; cab’x-lobes oblong, obtuse. 31. R. kypokma. 
Leaves oblong, acute or acutish. 

Leaves glabrous, green both sides. 32. JR. vaccimifolia. 

Leaves white-tomentulose . beneath, dark- 

green and glabrous above. 33. JR, bicolor, 

B. Capsule II near-oblong, 2 cm. long; inflorescence terminal 34. R, iinifolia, 

C. Species not grouped. , ■ R.^camagtieyensis. 

I. Rondeletia odorata Jacq. Enum. PI. Carib. i6. 1760 

R. speciosa Lodd. Bot. Cab. 19: pi. i 8 pj. 1832. 

Type locality^ Coastal thickets, Havana [Jacquin, Sel. Stirp. 
59 ]* 
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Distribution: Hillsides and thickets at lower and middle 
elevations^ Santa Clara, Matanxas, Havana, Piiiar del Rio» 
Recorded by Richard from Oriente. Recorded from Mexico. 
Cultivated for ornament. 

2. Rondeletia microphylla Grlseb. Cat. PL Cub. 127. 1866 

Type locality: Western Cuba. 

Distribution : River-banks, Pinar del Rio. Endemic. 

The leaves are sometimes larger than those of the type speci- 
mens, attaining a length of 3 cm. 

3. Rondeletia Shaferi Urban & Britton; Urban, Symb. i\at. 7: 

398. 1912 

Type locality: Barren savannas near Holguin, Oriente. 
Distribution: Known only from the type localitjn 
Dr. Shafer’s notes indicate that the plant grows along water- 
courses. 

4. Rondeletia peduncularis A. Rich, in Sagra, Hist. Cub. ii: 

14. 1850 

Type locality: \melta de i\ba3o. 

Distribution: Rocky banks and beds of streams, Oriente, 
Pillar del Rio. Endemic. 

5. Rondeletia pachyfhylla Krug & Urban; Urban, Symb. 

Ant. 1:419. 1899 

Type locality: Cuba. 

Distribution: Rocky stream-beds, mountains of northern 
Oriente. , Endemic. 

Recorded by Grisebach aS' R. ahtermides A. Rich. The 
inflorescence is both terminal and axillary. 

6. Rondeletia PEDicELLARis C. Wright; Sauvalle, Anales Acad- 

Habanab: 102, 121. 1869 

Type LOCALITY : Vicinity of Trinidad. 

Distribution: Cliffs and Tocky hillsides, southern , Santa' 
'Clara. Endemic. 
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7» Roxdeletia alaternoides a. Rich, in Sagra, Hist. Ciib» ii: 

13. 1850 

Type locality: jMountaiiis near 'Santiago [Oriente]. 
Distribution: Known only from the type localit>L 
Urban states (Symb. Ant. i: 419) that the inflorescence of 
this species is terminal, not axillaiw as first described. 

8. Rondeletia subglabra Krug & Urban; Urban^ Symb. Ant. 

1:418. 1899 

Type locality: Near Santiago, at 1,400 m. elevation [Oriente]. 
Distribution: Mountains of Oriente. Endemic. 

9. Rondeletia brachycarpa (Griseb.) C. Wright; Saiivalle, 

Aiiales Acad. Habana 6: 122. 1869 

Ferdinaniea brachycarpa Griseb. Mem. Am. Acad. IL 8: 505. 
1862. 

Type locality: Thickets near Santa Catalina [Oriente]. 
Distribution: Thickets and hillsides, Oriente, Camaguey, 
Santa Clara, Havana, Pinar del Rio : — Hispaniola. 

Referred by Combs to R. trifolia Jacq. 

10. Rondeletia stellata (Griseb.) C. Wright; Sauvalle, Anales, 

Acad. Habana. 6: 122, 1869 

Ferdinmidea stellata Griseb. Mem. Am. Acad. II. 8: 505. 1862, 
Type locality^ Pine-lands near Monte Verde [Oriente], 
Distribution: Mountains of northern Oriente. Endemic. 

11. Rondeletia angustata C. Wright; Sauvalle, Anales Acad. 

Habana 6: 122. 1869 

Feriinandea angustata C. Wright; Griseb. Cat. PL Cub. 127. 
1866. 

Tyte locality: In bogs near Toscano. 

Distribution; Arroyos and barrens, Santa Clara, Matanzas, 
Pinar del Rio. Endemic. 

12. Rondeletia canellaefolia sp, nov. 

A glabrous shrub about 2.5 m. high, the ,bivigs rather' stout, 
Lea%^ea coriaceous, elliptic-obovate or elliptic-oblanceolate, oppo- 
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site or verticellate, lo cm. long or less, 1.5-3 cm, wide^ dark green, 
shining above, dull beneath, obtuse or acute at the apex^ cuiieate 
at the base, the midvein prominent, the lateral veins few, distant^ 
slender, the petioles 5-15 mm. long; inflorescence terminal and 
in the upper axils, few-several-flowered; peduncles i.5-"5 cm. long; 
pedicels short and stout; bracts triangular, minute; calyx 3-4 
mm. long, its lobes foliaceoiis, ovate, obtuse, 1-1.5 mni. long; 
corolla glabrous, about 4 mm. long (immature) ; capsule pyriform, 
1-1.5 cm. long. 

Woods and on cliffs, Sierra Nipe, near Woodfred, Oriente, 
450-550 m. alt. Type, Shafer 32g^. In foliage and capsules 
similar to R, stellata, but that has minute calyx-lobes. 

13, Rondeletia calcicola Britton, Bull. Torrey Club 43: 467. 

1916 

Type locality: Coe’s Camp, Ensenada de Siguanea, Isle of 
Pines. 

Distribution: Known only from the t3'pe locality. 

14. Rondeletia yamuriensis sp. nov. 

A small tree, about 4 m. high, glabrous throughout. Leaves 
coriaceous, narrowly oblong-oblanceolate, 6-9 cm. long, 1-2 cm. 
wide, sessile, acute or obtuse at the apex, narrowed at the base, 
opposite or verticillate in 3’s, the midvein rather prominent^ 
the lateral veins few and slender; inflorescence terminal and also 
in the uppermost axils; peduncles rather slender, 6 cm. long or 
less; fruiting pedicels 5-10 mm. long; capsule globose-pyriform, 
about I cm. long. 

Between Yamuri Arriba and Bermejal, Oriente (Shafer 

15. Rondeletia correifolia Griseb. Cat. PL Cub. 129. 1866 

Type locality: Western Cuba. 

Distribution: Pine-lands and savannas, Pinar del Rio and 
Isle of Pines. Endemic. A virgate shrub, up to 2 m. high, the 
large white flowers fragrant. 

16. Rondeletia Lindeniana A. Rich, in Sagra, Hist. Cub. ii: 

13. 1850 

Type locality: Mountains near Santiago [Oriente]. 

Distribution: Mountains of Oriente. Endemic. Recorded 
by Grisebach as R. buxifoUa Vahl, and, doubtfully, by Sauyalle, as 
':R, fmbeUulataSw.\ / .■ a ' 
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i;. RoxDELETL'i NiXANiMAE Krug & Urban; Urbaiij Symb. Ant. 

i: 41S. 1899 

Type locality: Near Nimanima, at 800 m. alt. [Orieiite]* 

Distribution: Known only from the type locality. 

1 8. Rondeietia Leoni sp. nov. 

A shrub or srxiall tree up to 3 m. high, the slender young twigs, 
the petioles and the infiorescence appressed-pubescent with short, 
whitish hairs. Leaves elliptic to obovate, 3--8 cm. long, sub- 
coriaceous, acute, short-acuminate, or some of them obtuse at the 
apex, narrowed or ciineate at the base, fiat, or the margins some- 
what revoliite when old, densely pubescent with appressed hairs 
when young, glabrous, or sparingly pubescent on the veins beneath 
when old, inconspiciioiisH* reticulate- veined, the slender petioles 
12 mm. long or less; stipules linear-subulate with a broadened 
base, pubescent, 3-“4 mm. long; inflorescence axillary or lateral, 
4-6 cm. long, i““few-flowered, sometimes with a pair of small, 
leaf-like bracts; pedicels nearly filiform, 1-2 cm. long; bractlets 
linear-subulate; calyx ovoid-cam panulate, densely canescent, its 
lobes linear or linear-spatulate, 3-4 mm, long; corolla densely 
white-pubescent without, its tube slender, 10-12 mm. long, 
cyliiidric, slightly expanded above, its lobes oblong-orbicular, 
rounded, deep purple above, 2.5--3 mm. long; capsule subglobose, 
4-5 min. in diameter, 

Sancti Spiritiis IMoimtains, Santa Clara; type from Sierra del 
Caballete {Leou & Clement 6560). 

19. Roxdelexia chamaebuxifolta Gri^eb. Cat. PI, Cub. 128. 

1866 

Rondel e it a avenia C. Wright; Sauvalle, Anales Acad. Habana 6: 

121, 1869. 

Type locality: Western Cuba. 

Distribution : Known only from the type^ locality, this not 
definitely recorded. 

20. Rondeietia intermixta sp. nov. 

A shrub, 1.6 m. high, the young twigs densely strigose-pubes-^ 
cent. ^Stipules- triangular-ovate, pubescent, 'acute, persistent, 
spreading, about 2 mm, long; leaves oblong, chartaceous, 3-6 cm. 
long, acute at both ends, dark green and glabrous above, pale 
green and densely pubescent beneath, the^midvein rather promi- 



Britton: Studies of West Indian plants 


nentj the lateral veins few, the slender petioles 8-15 mm, 
long;, inflorescence axillary, short-peduncled, few-several- flowered, 
densely pubescent; bractlets ovate, acute, about i mm, long; 
cal>’x:- teeth ovate, short: capsule globose, about 3 mm. in diameter, 
pubescent. 

Gran Piedra, Oriente, at about 1,500 m. alt. (Shafer pojp). 
Apparently the same as a part of C. JVrigki 1266^ recorded by 
Griesbach as Rondehtia Poitaei Griseb., but that name (Griseb. 
FL Br. W. L 32S) is a synonym of Sievensia huxifoUa Poit., a plant 
known only from Hispaniola. 

21. Rondeletia lomensis Urban, Symb. Ant. 7: 394. 1912 

Type locality: Dry serpentine hill, Loma Santa Teresa, 
near El Yimque, Oriente* 

Distribution: Known onh^ from the type locality. 

Dr. Sliafer^s notes describe this as a shrub about 2.6 m. high 
with white flowers; the corollas are not shown in the specimens. 

22. Rondeletia baracoensis sp. nov. 

Twigs slender, densely whitish-pubescent when young. Stip- 
ules triangular-ovate, acute, pubescent, about 2 mm. long; leaves 
chartaceoiis, elliptic, 2 cm. tong or less, rounded or obtuse at the 
apex, narrowed or obtuse at the base, glabrous and obscurely 
veined above, whitish-tomentulose and reticulate-veined beneath 
with the primary venation prominent, the petioles 3-5 mm. long; 
peduncles opposite, rather stout, 1-3-flowered, 3*^13 mm. long; 
bractlets lanceolate, pubescent, somewhat shorter than the calyx; 
calyx 3 mm. long, its lobes ovate or ovate-oblong, obtuse, one half 
as long as the tube; corolla-bud densely white-pubescent. 

Vicinity of Baracoa (Pollard ^ Palmer & Palmer 24s). 

23. Rondeletia rigida Griseb. Mem. Am. i\cad. IL 8: 505. 

1862 

Type locality: La Madelina [Oriente]. 

Distribution: Known only from the type locality. 

24. Rondeletia nipensis, Urban, Symb. 'Ant.^ 7: 393. 1912. 

Type locality: Sierra Nipe^mear Woodfred, Oriente, in pine-' 
lands, 500-*65;0 m. alt. ' 

Distribution: Pine-lands "and deciduous' woods of ^the Sietra 
Nipe, Oriente- A. ''/A, ' 



2S Britt ox: Studies or West Ixdiax plants 

Dr. Shafer's notes show this to be a slinib about 1.3 m. high, 
with white flowers. 


25. Rondeletia Rugelii Urban, Symb. Ant. 7: 397* 

Rondelet'ia Poitaei microphylla Griseb; Cat. PL Cub, 128. i866« 

Type locality: near hiatanzas. 

Distribution : Known definitely only from the type locality* 
Rugebs label indicates that this is a shrub growing in rocks* 
The species is related to the following one. Grisebach considered 
the plant to be the same as R. Berteriana A, Rich, (not DC.), 
which was collected at La Cabana, Havana. R. Berteriana DC., 
of Hispaniola, is clearly different. 

26. Rondeletia Combsii Greenm. Trans. Acad. St. Louis 7; 427, 

PL34. 1897 

Type locality': Calicita [Santa Clara]. 

Distribution: Hillsides, cliffs and rocky shores, Santa Clara; 
Havana. Endemic. 

Plants W'itli identical foliage haY^e calyDC-Iobes ovate or lanceo- 
late; Dr. Greenman^s original description indicates that they 
may even be linear. A fruiting specimen from Bahia Honda, 
Pillar del Rio {Wilson 9409), is 'doubtfully referred to this species. 

27. Rondeletia camarioca C. Wright; Sauvalle, Anales. Acad. 

Habana6: 102. 1869 

Type locality: Savannas of Camarioca [Matanzas]. 
Distribution: Serpentine barrens and savannas, in dry soil, 
Camagiiey; Santa Clara; Matanzas. Endemic. ' 

28. Rondeletia insularis sp. nov. 

A much-branched shrub, about 2 m. high, the twigs densely 
appressed-pubesceiit. Stipules triangular-ovate, connate, pubes- 
cent, persistent, 2-3 mm. long; leaves ^ gray-green, oblong or ob- 
loiig-obovate, chartaceous,’ 3 cm. long or less, 7-10 mm. wide, 
glabrous and very’' obscurely veined above, delicately reticulate- 
veined and strigillose beneath, the stout petioles about 1.5 mm. 
long; peduncles solitary in the 'axils, stout, about as long as the 
petioles, i-flowered, pubescent; bractlets ovate, acute, immAong; 
capsule globose, .densely pubemlent, 4-5 mm., in diameter; 'calyx- 
lobes ovate-oblong,' obtuse, i m.m. long. , . 
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Vicinity of Pueblo Romano, Cayo Romano, Caniague;^' 
(Shafer 2444). 

29. Rondeletia savannarum sp. iiov. 

A shrub, about 2 m. high, the twigs densely appressed-pubes- 
cent. Stipules triangular, acute, finely pubescent, i-i .5 mm, long; 
leaves oblong to oblong-elliptic, 2 cm, long or less, 6-10 ram. wide, 
coriaceous, obtuse at the apex, narrowed at the base, glabrous, 
dark green and obscurely veined above, silvery-piiberulent beneath 
with the few veins rather prominent, the petioles about 1.5 mm. 
long; flowers solitary in the axils; peduncles stout, 2-3 mm. 
long; calyx- teeth linear wdth the base broadened, 3 mm. long, 
about as long as the calyx- tube; corolla-bud densely pubescent; 
capsule globose, densely puberulent, 4 mm. in diameter. 

Barren savannas, southeast of Holguin, Oriente {Shafer 1230^ 
type; 

30. Rondeletia ^^enosa Griseb. Cat. PI. Cub. 128. 1866 

Type locality: Near San Marcos, Bahia Honda [Pinar del 
Rio]. 

Distribution: Known only from the t>'pe locality* 

31. Rondeletia hypoleuca Griseb. Cat. PI. Cub. 128. 1866 

Type locality: Eastern Cuba, near Baracoa. 

Distribution: Rocky situations, Oriente. Endemic. 

A plant wdth orbicular leaves 5-7 mm. long, collected in a 
rocky thicket between Camp La Barga and Camp San Benito at 
about 1,000 m. alt. (Shafer 4121), is referred to this species 
with hesitation. 

32. Rondeletia vacciniifolia sp. nov. 

A niiich-branched shrub 0.3-1 .3 m. high, the young twigs 
densely appressed-pubescent. Stipules triangular, acute, con- 
nate, pubescent, x.5-2 mm. long; leaves oblong, coriaceous, 
6-12 mm. long, acute at both ends, or the apex obtuse and mucro- 
nate, glabrous on Both sides or sparingly pubescent on the mid vein 
beneath, the lateral ' venation, obscure, the stout, pubescent 
petioles mm. long; ' flowers solitary in the upper axils,, the 
stout, pubescent peduncles' about as long as the petioles;' bractlets 
, triangular-ovate, :acute; calyx-teeth linear, 2-3 mm.dong; ..mpsule 
globose, pubescent, 5 mm, in diameter, reddish., , ' ; , 
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Rocky situations, mountains of northern Oriente. Type, frooi 
rock}- bank of river, vicinity of Camp San Benito at 900 no 

alt. ^Shafer 4ogo) . 

33. Rondeletia bicolor sp. nov. 

A shrub ctbout 1.7 in. high, tlie twigs ascending, slender^ 
densely sliort-piibescent vrlieii T'oung, Stipules triangular-laiiceo™ 
late, rather abruptly attenuate from a broad base, short-pubescent, 
about 3 mm. long; leaves oblong* or oblong-oblaiiceolate, cori- 
aceousj 2-3 cm, long, acute or some of them obtuse at the apex, 
nctrroAved at the base, dark green, glabrous and very obscurely 
veined above, white tomentiilose and prominently veined beneath, 
the pubescent petioles 2-4 ram. long; peduncles axillary, pubes- 
cent, in fruit about 3 mm. long; fruits solitary, globose, pubescent, 
about 3 mm. in diameter. 

Loma de Poiiciano, Saiicti Spiritus Mountains, Santa Clara 

(Leou and Clement 6yif). 

34. Rondeletia (?) tinifoiia Griseb. Cat. PL Cub. 129. 1866 

Type locality: Western Cuba. 

T3istributiox: Saiicti Spiritus Mountains, Santa Clara; pine- 
lands and arroyos, Pinar del Rio. Endemic. 

35. Rondeletia (?) camagueyensis sp. nov. 

A shrub about 3 m. high, the young shoots densely appressed- 
pubescent. Stipules triangular, acute, about 3 mm. long; leaves 
o^'ate or elliptic-ovate, 3-4 cm. long, 3 cm. wide or less, membran- 
ous, acute at the apex, narrowed or obtuse at the base, sparingly 
short-pubescent ' and indistinctly veined above, loosely strigose- 
pubescent, especially on the prominent veins beneath, the stout, 
pubescent petioles 2-3 mm. long; capsule subglobose, 4-6 mm. 
in diameter. 

Arroyo, savanna near Camaguey {Britton Sf Cowell 13206). 

Imperfect material only was collected at the time of our visit 
to the locality in April, 1912., 

Other species attributed to Cuba , 

Rondeletia microdon DC. Prodr. 4: 408. 1830 

Havana, collected by Ossa, according to De Candolle. De- 
scribed as a' glabrous species, ^ with oval-oblong, short-petioled 
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leaves acute at both ends, bipartite, persistent, obtuse stipules; 
cor3^^nibose peduncled flowers, the cah^x truncate, with five short 
teeth. The genus of this plant was questioned by A. Richard 
(in Sagra, Hist. Cub. ii : 13), and I do not know any species which 
answers to the description. 


Rondeletia americana L. Sp. PL 172. 1753 

This, the type of the genus, is also recorded by De Candolle 
as found at Havana Ossa, and Grisebach (FI. Br. W. L 327) 
mentions it as Cuban. I know the plant only from St. Vincent 
and Jamaica. 

Rondeletia laevigata Ait. Hort. Kew. ed. 2, i: 366. 1810 

De Candolle mentions this also as found at Havana, but no 
species answering to the description is known to me from Cuba; 
Grisebach (FI. Br. W. I. 328) indicates that it is from the island 
of Trinidad. 

Rondeletia leptacantha DC. Prodr. 4: 410. 1830 

Collected^ by Ossa, near Havana, according to De Candolle. 
Described as a plant with opposite spines, broadly oval, subacute 
leaves, the twigs and leaves subpilose when young, the slender 
peduncle as long as the leaves or longer, three- to five-flowered at the 
apex. No speciesof Rondel etiaknown to meanswers the description. 
Grisebach (Cat. PL Cub. 133)' refers the plant to ClionieJda fascim- 
lata Sw. [Anisomeris fasciculata (Sw.) "Schum.], but this disposal 
of it is not satisfactory. 

57. ■ THREE ERIOCAULONS FROM THE ISLE OF PINES 
Eriocaulon arenicola Britton & Small, sp. nov. 

Plants 4-26 cm. tall, the scapes solitary or usually several 
together; leaves ascending or spreading, 1-8 cm. long, linear- 
attenuate, convex beneath, slightly concave above, glabrous; 
scapes slender, mostly 6-angIed, ' slightly spirally twisted, each 
subtended by an obliquely opened sheath which is shorter ' than 
the leaves; heads dense, at first depressed-globose, later sub- 
globose or ''ovoid-globose, becoming about 5 mm. in diameter, 
pubescent, whitish-gray; bracts of the involucre cuneate' obo- 
vate, the outer ones about' 1.5 mm. long; flowers ' numerous^ 
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crnATied; bracts very broadly ciiiieate, fully 1.5 mm. long, short- 
hairy at and near ihe apex; sepals of the stamiiiate flowers 
concave, cuneaie to obovate. about 1.5 mm. long, exceeding the 
corolla, pubescent at the apex; corolla-lobes minute, ovate to 
oblong-ovate, obtuse; anthers about 0.25 mm. long; sepals of the 
pistillate flowers about 1.5 mm. long, boat-like, keeled, pubescent 
near the top; petals oblong to oblong-spatulate, fully i mm. long; 
capsule reniform-didymoiis, fully 0.5 mm. wide: seeds oval, barely 
0.5 nun. long. 

Wliite sand, vicinity of Los Indios (Britton tv Wilson I 4 i 7 g). 

This plant is related to Erioamlon sigmoidemn C. Wright. It 
ditiers from it in the larger size, the more compact heads, the more 
copiously paie-pubescent and longer bracts, the smaller staniinate 
flowers, and the sepals of the pistillate flowers which are wu'der 
below the middle, instead of at the top. 

Exiocaulon fttsiforme Britton & Small, sp. nov. 

Plants 3-"6.5 cm. tall, the scapes tufted, usually densely so; 
leaves ascending or recurved, subulate-lanceolate, 1-2.5 cm. long, 
thiiiiiish, co.ncaA“e, glabrous; scapes relatively slender, spirally 
twisted, prominently 5-aiigled, each subtended by an obliquely 
0|)ened sheath which is shorter than the longer leaves; heads 
dense, fusiform, becoming 7-8.5 mm. long, acute, glabrous, brown- 
ish ; bracts of the involucre ovate to oblong, obtuse, chartaceous, 
2-3 mm» long; flowers numerous; bracts rhombic-ovate or rliom- 
bic-cuneate, mostly 2 mm. long, acute or short-acuminate, scarious, 
glabrous, or obscurely fine-pubescent; sepals of the staminate 
flowers spatulate to oblong-spatulate, about i mm. long, some- 
times laciniate at the apex, about equalling the corolla or exceeding 
it; corolla-lobes ovate; anthers about 0.15 mm. long; sepals of 
the pistillate flowers about 1.5 mm, long, boat-shaped, strongly 
keeled and crested above' the middle, acuminate; petals linear- 
elliptic to linear-spatufate, 1,5-2 mm. long; capsule suborbicular 
or orbicular-ovoid, about 0.5 mm. wide: seeds narrowly oval, 
about 0,5 mm. long. 

Pinelands, Siguanea {Britton IWilson i4PSi)> 

This differs from all described Cuban species of Eriocaulon. 
Its short stiff scapes and fusiform glabrous or nearly glabrous 
heads are particularly diagnostic. 

Eriocaiilon oTOidetim Britton & Small, sp. nov. 

Plants 6-1 1 cm. tall, the scapes tufted, usually densely so; 
leaves erect or ascending, ' narrowly linear-lanceolate to linear- 
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attenuate^ 1-3 cm. long, concave, tlilnnisli, glabrous; scapes 
stoutish, spirally- twisted, sharply 5-angled, each subtended by an 
obliquely opened sheath which is as long as the leaves or shorter; 
heads very dense, ovoid or globose-ovoid, becoming 6-8 mm. long, 
obtuse, tan-colored; bracts of the involiicre ovate to oblong, i.5-“3 
mm. long, obtuse, glabrous, cliartaceous ; flowers numerous ; bracts 
siibreniform, mostly wider than long, broadly rounded at the apex, 
scarious, minutely pubescent; sepals of the staminate flowers 
obovate to cuneate, concave, fully i mm. long, erose at the apex, 
mostly exceeding the corolla; anthers ovoid, about o.i mm. long; 
sepals of the pistillate flowers boat-shaped, fully i mm. long, 
keel-winged and crested on the back, abruptly pointed: petals 
spatulate, about 1.5 mm. long, often erose at the apex; capsule 
reniform, about i mm. wide; seeds broadty oval, fully 0.5 iiim» 
long. 

White sand, vicinity of Los Indies {BriUon & Wilson 14220), 

Related to Eriocaulon fusiforme^ differing in stouter habit, the 
short and broad heads, and in the broad and rounded bracts. 

58. UNDESCRIBED CUBAN SPECIES 
Bupatya montana sp. nov. 

Stem simple, elongate, stout, densely leafy. Leaves broadly 
linear, 8-“i4 cm, long, 6-15 mm. broad at the base, narrowed to 
the acute apex, rigid, glabrous, striate-nerved; peduncles erect, 
15-30 cm. high, often numerous, axillary, loosely pubescent with 
long, soft, white hairs, or glabrous; sheaths shorter than the 
leaves, acuminate; heads solitary on the peduncles, hemispheric, 
7-8 mm,, broad; outer involucral bracts ovate, the inner ones 
broadly oval to orbicular, rigid, acute, glabrous; receptacle pilose, 
the bracts membranaceous, obovate-cuneate, 1.8-2 mm. long, 
0.6-0.8 mm. broad, with a tuft of short hairs on theUack at the 
apex; staminate flowers dimerous; sepals spatulate-obovate, 
about 1.9 mm, long, concave, ciliate at the apex; pistillate flowers 
dimerous; sepals elliptic, concave; 'stigmas 2; ovaiy globose- 
ovate. 

Collected on compact red iron ore . along trail from Rio 
Yamaniguey to Camp Toa, Oriente, at 400 111. alt. (J. ^ 4 . 
Shafer 44^3 f type); also collected along trail from Camp 'La 
Barga to Camp San Benito {Shafer 4x04) and at' Camp La 
Gloria, south of Sierra Moa {Shafer 8043 ^ 8231), 

Apparently closely .related, to Dupatya 'ptmgeiis (Griseb.) 
Britton {Paepalanthm pungens Griseb.), another Cuban species. 
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Piiea Cowellii sp. nov. 

Glabrous, perennial nionoedouSj about 4 dm. tali; stem 
becoming more or less grocA'cd and compressed in drying, clothed 
Tv'itb niinierous, small, elliptic raphides: leaves elliptic to ovate, 
or the iipperniGst oblong-obovate, 1-3 cm. long, 0.7-1.1 cm. broad, 
acuie or obtuse at the apex, rounded and more or less cordate at 
the base, 3-p.erved, green and kistroiis above, paler beneath, with 
prominent, scattered, elevated callosites when fresh which become 
depressed in drying, entire; raphides of the upper surface linear, 
those of the lower surface piractiforni ; petioles 1-2 mm. long; 
inflorescence axillary, 1-2 cm. long, equalling or shorter than the 
leaves; staminate and pistillate flowers intermixed; stamiiiate 
flov’ers: pedicels 0.5 mm. long, perianth glabrous, i mm, long, 
the lobes triangiilar-ovate; stamens 4; pistillate flowers short- 
pedicelled or siibsessile. 

Type collected on cliffs. Ensenada de Mora, Oriente {Britton^ 
Coivell cf Shafer I2g/f), 

IchthyometMa havanensis Britton & Wilson,. sp. nov. 

A shrub 2 m. tail, with finely pubescent twigs; leaves odd- 
pinnate, 1-1.4 dm. long, the petioles, racliis and petiolules velvety- 
ferruginous when young; leaflets 9-13, elliptic to somewhat ellip- 
tic-obo'vate, 2. 3^4.5 cm. long, 1.3--1.7 cm. broad, acute to rounded 
and often apiculate at the apex, rounded at base, short-petioluled, 
densely clothed with short, appressed, silky hairs when young, 
in age glabrous or nearly so above, finely pubescent and -reticulate- 
, veined beneath; cal^w carapanulate, pubescent with short, 
appressed brownish hairs; pods broadly 4-winged, puberuient 
with appressed hairs, 2-3.5 cm. long, 2-2.8 cm. broad, stipitate, 
the margin more or less undulate; seeds oblong, 5 mm. long, 2.5-3 
mni. broad.,, 

Related to J. piscipiila (L.) A. S. Hitchc., but differing in the 
much smaller and more coarsely reticulate leaflets, and smaller 
fruit. 

Thickets not far from Cojimar, Province of Havana (Brother 
Leon Father M. Roca 61^4, type); also collected on a hill 
west of Chorrera, Province of Havana (Brother Leon 5192). 

Castelaria calcicola^ Britton & Small, sp. nov. 

' A' much-branched shrub up to 2.5 m. tall, with stout thorns 
which are branched when w^ell developed, the twigs closely fine- 
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pubescent; leaf-blades obovate, \'arying to oval or ovate, mostly 
1.5-4 ^ong, rounded or retiise and mucronulate at tlie apexj 
entirCj slightK’ revoliite and reticulate in age, bright green £ibove. 
paler beneath, somewhat shining, minutely pubescent, especially 
on. the midrib and veins beneath, short-petioled ; iiowers several 
in each cluster, short-pedicelled, the pedicels densely pubescent; 
sepals triangular-ovate, about i mm. long, green, aciitish, copioiish’ 
pubescent; petals ovate or oval, concave, cymbifonii, 3.5-4 mm. 
long, red, sparingly pubescent on the back; filaments subulate, 
nearly 2 mm. long, villous- tomen tose ; anthers slightly longer than 
the filaments, oblong, or nearly so; drupes flat, fully 1.5 cm. long, 
nearly as wide, about 6 mm. thick, bright-red, the flesh thin, with 
a fibrous-reticulate network which is impressed into the putameii. 

Limestone hills, vicinity of Sumidero, Pinar del Rio (Shafer 

^3434)^ 

This shrub is related to Castelaria jacgimiifoUa, It differs 
from that species in the pubescent leaves, the triangular-ovate 
sepals, the pubescent petals, and the narrower and longer anthers. 

Stenostomum obovattim sp. now 

A straggling tree, the slender twigs glabrous. Leaves cori- 
aceous, obovate, 6 cm, long or less, rounded at the apex, narrowed 
at the base, revolute-margined, faintly shining, the midvein im* 
pressed above, prominent beneath, the lateral venation slender 
and obscure, the stout petioles 3-5 mm. long; inflorescence- 
terminal; fruits in pairs, sessile, oblong, black, fleshy, 10-12 mnv 
long, 5-7 mm. thick. 

Camp La Gloria, south of Sierra Moa, Oriente (Shafer Si 6 g)» 

Stenostomum aristatum sp. nov. 

A rough-barked tree about 6 m. high, with widely spreading 
branches, the slender ymung twigs resinous. Stipules broadly 
ovate, obtuse, 3 mm, long, caducous; leaves elliptic or ovate- 
elliptic, coriaceous, 2.5 cm, long or less, acute and arista te at 
the apex, mostly obtuse at the base, shining and strongly reticulate- 
veined on both surfaces, especiall}^ above, the margins ' slightly 
revolute, the petioles 1-2 mm. long; peduncles solitary in the up- 
permost axils, about one-half as long as the leaves, i- to 3-flowered^ 
at the apex; flowers fragrant; calyx narrowly campanula te, 5 mm. 
long, 5-lobed, The lobes oblong or ■ oblong-obovate, 1.5-2 mm. 
long, rounded; corolla white, itS' tube narrowly cylindrk, about 
2 cm. long, i: nam. thick, its limb spreading,. 5-lobed,, ^ about 1 cm. 
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broad, the lobes roinided; stamens 5; anthers linear^ 2 mm. long; 
ovary 6 -celled. 

Rocky hilij savanna near Caniague}' {Britton £f Cowell JJ241). 


59„ NOTES ON VARIOUS SPECIES 

EyoIyhIus siliceas Britton & Wilson, nom. iiov. 

Erohuliis areiikola Britton & Wilson, Bull. Torrey Club 43: 466* 
1916, Not E. iirenicoia Johnston, 1905. 

Persicaria hirsuta (Wait.) Small 

Marsh near Ferry River, Jamaica {Britton Hitherto 

unrecorded from Jamaica. 


Phenax SoNNER^mi (Poir.) Wedd. 

Gravelly soil, Jamaica (FiZaw E. Wright ipj). Hitherto un- 
recorded from Jamaica. 

Phyllanthus nudoiulariaefolius Poir, 

Shady places, Plope Grounds, Jamaica (Harris 12123^ 12x57, 
j22oS). Hitherto unrecorded from Jamaica, 

\'EROXiCA Tournefortii Gmeliii 

Waste and shaded’ grounds, near Mandeville {Crawford 683) 
and near Cinchona, Jamaica {Harris 12417), 

Jacquinia Keyensis Mez. 

Northern coast of Camaguey and Matanzas provinces, Cuba 
(Shafer 6Sg, 25 pj, 2712; Britton of Wilson 14043); Little Goat 
Island, Jamaica (JBjiiion 1S52); Albion Mountain, Jamaica 
{Harris 1167S, I2ipg), Heretofore recorded from the Bahamas 
and Florida. 

Cyrilla brevifolia N. E. Brown 

Mountains, of northern Oriente, Cuba {Shafer 4060, 4054, 
4mg, 4140, 4x81, 8032). Apparently identical with the plant 
of Mt, Roraima, British' Guiana (Trans. Linn. Soc. IL 6: 22. 

pliJ.7-16). 
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Stemodia paryiflora Ait. 

Rio Piedrasj Porto Rico {Stevenson 21^8). Hitherto un- 
recorded from Porto Rico, 

Ditta myricoibes Griseb, 

Sierra de Naguabo, Porto Rico (Shafer j6oj)> Hitherto un- 
recorded from Porto Rico. 

Sida Eggersii E. G. Baker 

Island of Culebra, Porto Rico, 1906 (^Britton & Wheeler jy8). 
Hitherto known only from Tortola, where Dr, Shafer made a 
second collection of it in 1913, A tree, 6-8 m. high, very different 
from typical species of Sida> 

OSSAEA BOMINGENSIS CogO. 

Alto de la Bandera, Porto Rico (E. L. Stevens Sjif). Hitherto 
known only from Santo Domingo. 

Lescaillea equisetifor^iis Griseb. 

This monotypic genus of Compositae was rediscovered on the 
southern slope of Cajalbana in the province of Piiiar del Rioy' 
Cuba, by. Brothers Leon and Charles on i\pril 6, 1915. The 
genus has hitherto been imperfectl}^ known, as it was represented 
in this country only by a fragment at the Gray Herbarium, 
collected b}-" Charles Wright in western Cuba, Lascaillea is a 
woody vine related to Porophylhmi. The leaves are reduced to 
small scales, the plant resembling .certain species of Ephedra 
much more closely than it does any Eg^idsetum. 




A quantitative, volumetric and dynamic study of the vegetation of 
the Pinus Taeda belt of Virginia and the Caroiinas 

Roland 'M. Harper ' 

(with one text figure) 

introduction. The study of the vegetation of a given region 
may conveniently be divided into four stages. First, the various 
species of plants are collected, described (if necessary) ^ and classi- 
fied taxonomicaliy. and their local distribution determined. 
Second, they are classified “ecologically/* by habitat, associations 
and adaptations, and the environmental factors analyzed. Third, 
their relative abundance is determined, in the region as a whole 
or in each habitat separately, and estimates made of the per- 
centages of evergreens, vines, parasites, plants belonging to certain 
families, etc. Fourth, the total bulk or weight of vegetation per 
unit area may be measured, together with the amount of new 
growth made in an average year, and the amount of water and 
other substances taken from the soil at the same time. 

Although this is perhaps the usual and most convenient order, 
and also corresponds pretty well with the historical development 
of the science of plant sociology,'^' it is by no means a fixed order. 
Any one of the stages may be omitted, and the fourth, which 
though rather difficult is simple enough, could very well precede 
the first. And of course it is not to be assumed that the foregoing 
outline covers everything that needs to be known about vegeta- 
tion. For example, it takes no account of generalizations about 
geographical distributions, times of flowering, colors of flowers^ 
pollination and dissemination, studies of endemism and biblio- 
graphic history, and speculations about geological history and suc- 
cession, all of which have contributed many pages to the botanical 
literature. ' Comparisons with similar or neighboring regions are 
always appropriate, too. 

The region under consideration offers little attraction to the 
botanist who does not go beyond, the first stage, and ' “ cannot see 

, * See Torreya i6: 13S. ' June, 1916. 

. 39 ' . . 
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the "woods for the trees.’* As seems to be the case wherever 
F-inus Taeda fand the same might be said of several other pines) 
15 the prevailing tree,''" nearly all the plants are of common and 
widely distribiiied species^ tvhidi have been described long ago. 
In t!ie second stage, very little has been done in this region, 
largely because of inherent dimculties which will be explained 
below under the head of vegetation. This paper is chiefly con-- 
cerned with the third stage, determining the reiath'e abundance 
oi the species in tlie region as a whole, which is done by means 
of notes accmnulated during about seventy-five hours of field 
work. For the fourth stage, volumetric and dynamic studies, 
very iew’ accurate data are available as yet for this or any other 
part of the world, but some rough estimates are attempted, to 
illustrate a method which should be followed in all future critical 
studies of vegetation. For it cannot be disputed that the annual 
growth of vegetation, and particularly the amount of food taken 
from the soil in a given time, is closely correlated with enviro- 
mental factors, and should be a better indication of soil fertility 
than any static studies of vegetation, whether qualitative or 
quantitative. 

Location and boundaries of the region. The Pimis Taeda 
belt proper of the Atlantic coastal plain, as mapped by the 
writer a few years agof (in Fig. i the same map is reproduced), 
is regarded as bounded on the north by the James an Appomattox 
Rivers. From Petersburg, Va., to the vicinity of Rocky Mount, 
N. C., it borders the fall-line, which there (as all the way across 
Virginia) runs just about north and south. Thence to near Fair- 
fax, S. C., it passes northwestward into a belt of low red hills, a 
continuation of the Eocene red hills of Georgia, Alabama and 
Mississippi. From Fairfax to near Charleston it is bounded on 
the south by the pine-barrens with Finns EUioUii; thence to near 
the mouth of the Santee River it is separated from the coast by a 
narro 'w coast strip, with marshes, islands, and a good deal of silty 

* See Torreya 7: 44-45. 1907; 9: 217- 1909. This applies to habitats, though, 
rather than to regions. For example, Pinus Taeda is the commonest tree in the 
Apalachicoia Mnf! region of Middle Florida (see 6th Arm. Rep. Fla. Geol. Surv. 
212-215, 353, 355), where many rare plants grow; but the pine is mostly near the 
top of the bluffs and the rare plants lower down. 

t Ball Torrey Club 37: 407, 592. ' 1910-11, 
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soil. From Horry Comit\G S. C., to Onslow County, X. C.| it 
passes gradually southeastward into the Wilmington or Cape Fear 
pine-barren Sj with a much larger proportion of Finns palustris 
and less P* Taeda. From Carteret CounW, N. C., to Nansemond 



Fig. I. 


County, Va., the Nansemond escarpment, parallel to the Virginia 
fall-IineC separates it from the region of oak and beech flats with 
more silty soil, in which Dismal Swamp is situated* In South 
Carolina the belt under consideration corresponds approximately 
with the "‘upper pine belt” of Hammond and other nineteenth 
century geographers. 

^ See Hobbs, Rep. 8th, Ipt. Geog. Cong. 'V&05), line III on map opposite p. ip6. 
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In the present paper the red iiill belt bang just southeast oi 
the fali-Iine sand-hills in the Caroliiias is combined with the flatter 
and more sandy Films Taeda belt, being connected mitli it appar- 
ently by imperceptible gradations, and not differing much in 
vegetation. The total area involved is about 28,000 square miles. 
The raost important literature on the region was summarized by 
the writer in 1907.'^' Since then there have been published several 
more got'eniment soil surveys, a report on the geology of the 
coastal plain of Xorth Carolina,! Coker’s Plant Life of Hartsville^ 
S. and Ashe’s monogTaph on loblolly or North Carolina pine,§ 
C. S, Chapman’s ‘*A working plan for forest lands in Berkeley 
County^ South Carolina,”; | which was cited in my 1907 paper, 
will be referred to more specifically below. 

Topography and hydrography. The altitude ranges from sea- 
level to about 300 feet. The topography is gently undulating in 
the red hills and nearly flat elsewhere, with few railroad cuts deep 
enough to obstruct the view of the traveler on a passenger train. 
There are bluffs near some of the rivers, but all the streams are 
bordered at least 0x1 one side by swamps, whose width is approxi- 
mately proportional to the size of the stream,. The rivers which 
rise in the Piedmont region are muddy, but the smaller streams 
which are confined to the coastal plain are not, except in prolonged 
wet weather. In the flat areas are many very shallow depressions, 
which will be referred to again under the head of vegetation. The 
groiind-tvater is nearly everywhere close enough to the surface to 
be readied by well-sweeps and suction pumps. 

Soils, "^lie ave,rage soil might be described as a grayish sandy 
loam, varying toward red clay in the' higher portions, and purer 
sand near some of the rivers. According to the government soil 
surveys hitherto published for this region (none for Virginia, 
about nine for North Carolina and eight for South Carolina), the 
eight commonest types of soil in the North Carolina portion are 

* Bull, Torrey Club 34: 35 1-353 • 1907. 

tN. C. Geol. Surv., VoL 3. 552 pp. “1912.** (Published about the middle 
of 1913-) 

I See Torreya 13: 139-144. 1913. 

§ N. C. GeoL Sur¥. Bull. 24. 169 pp., 27 pL 1915. 

I U. S. Bur. Forestry Bull. 56. 62 pp., 4 plates & map. ** 1905.” See Bull. 
Torrey Club 34: 352 (stb footnote), 360 (4tb footnote). 1907. ' , ' ; * 
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“Norfolk fine sandy loamN"= “Norfolk sandy loamN “Swamp,” 
“Norfolk sand,” “Portsmouth fine sandy loam,” “Portsmouth 
sand,” “Portsmouth sandy loam,” and “Norfolk fine sand”; and 
in the South Carolina portion “Norfolk sand^:' loam,” “Swamp,” 
“Portsmouth sandy loam,” “Norfolk sand,” “ Coxville fine 
sandy loam,” “Norfolk fine sandy loam,” “Portsmouth fine 
sandy loam,” and “Orangeburg fine sandy loam.” This sequence 
should not be taken too literally, for the areas that ha\^e been 
surveyed may not be perfectly t>’pical, and moreover, there are 
all possible gradations between adjacent soils, and similar soils 
are very liable to be classified a little differently b}^ different 
men in neighboring areas, or even by the same men in dif- 
ferent years. But it will suffice to show the prevalence of gray 
sandy loams and of swamps, and the scarcity of reddish and 
distinctly claye^^ soils. The reddish “Orangeburg” soils are 
perceptibly commoner in South Carolina than farther northeast. 

The physical composition of the soil may also be illustrated by 
disregarding the more or less arbitrary series names (thus elimi- 
nating much of the “ personal equation ”) and summing up the 
ten commonest texture classes, with their percentages. As in the 
plant list farther on, the column of percentages preceding the 
names is for the whole area, and the others for separate states as 


indicated. 

Soil types N. C. S. C. 

31.2 Sandy loam — 26.1 37.0 

224 Fine sandy loam. 30.0 12.7 

15.0 Sand (Including sand-hill) 13.9 16.0 

14.0 Swamp, muck, etc 14.8 12.6 

3.8 Fine sand. 3.8 3*8 

3.0 Clay.. 1.8 4.2 

2.7 Coarse sandy loam. 1.5 4.1 

2.4 Coarse sand 2.2 2.5 

2.3 Loam x.i 3,8 

1.5 Very fine sandy loam 2,1 0.7 


' ^ For the benefit of readers who are not familiar with the system of dassifimtion 
used by the,0. S- Bureau of Soils it should be explained that the ** Norfolk’' series 
includes grayish coastal plain soils with friable yellowish subsoils, the “Orangeburg” 
gray, red ^ or brownish soils with sandy clay subsoils, and the “Portsmouth” damp 
blackish more or less peaty soils with flat or slightly depressed surface. Swamp” 
Is usually applied to permanently saturated soils, but does not include all kinds of 
swamps, some, of which 'have been described under other naiUes, especially in later 
years. 
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Data for estimating the a^^erage chemical compositioii ot the 
soil are rather meager. In the Tenth Census, vol. 6,, pp. 5t>4 
556j are analyses of seven soils from this region (five from North 
Carolina ao,d two from South Carol in a), made by Hilgard's five-day 
acid digestion method, which seems to give results more consistent 
with the vegetation and crops than an}" earlier or later method. 
Details of the iocalit}% depth, vegetation, etc., of each soil are 
given in the work mentioned (under Nos. i and 9 on page 504 and 
II, 13, 15, 17 and 19 on page 556), and need not be repeated here. 
The averages of the se-^mii analyses are given below. (With so 
few samples from South Carolina and none from Virginia it would 
hardly be worth while to give the averages for each state sepa- 
rately.) 

Per cent. 


Water and organic matter 2.940 

Potash (KlO) 125 

Soda (KasO) .052 

Lime (CaO) 079 

iXIagnesia (MgO) .076 

Phosphoric acid radicle (PsOs) 0S2 

Sulphuric acid radicle (SOc) 0S5 

Brown oxide of manganese (2^In^04} 068 

Peroxide of iron (FesOs) 1.684 

Alumina (ALOs) 3.375 

Soluble silica 2.704 

Insoluble maiter 88.S44 


These figures of course will mean little to one who is not accus- 
tomed to interpreting soil analyses, but those who are sufficiently 
interested may find it worth while to compare them with similar 
analyses from other states published in the same work and copied 
by the writer in recent easily accessible publications.'*^ Even yet 
the significance of some of the figures cannot be explained, for 
lack of knowdedge of the functions of some of the soil constituents 
in plant pliysiolog^y but there is no doubt that these soils are 
below the average for the United States in fertility. 

It seems very probable that the Virginia portion of this belt has 
a higher proportion of potassium ■ in its soil than, the rest, on 
account of the proximity to metamorphic rocks and the drier 
summers, and more humus on account of the richer soil and less 

*Buil Torrey Club 401 3S0-391. 1913; 41: 555. 1914; Rep. Fla. ,Geol. 

Surv, 6: 195, 230, 269. 32S. 1914; 7; 123.' 1915. 
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frequent fires. South Carolina is probably above the average in 
calcium, phosphorus and iron, on account of tlie occurrence of 
those elements in the underlying strata. 

Another pretty good indication of soil fertility?' or the lack of it 
is the density of population, proportion of ^‘improved land/' and 
the annual expenditure per acre for fertilizers.'"' In the table 
below these data are given for the portions of the belt under con- 
sideratioii in each state^ and also for the whole of each state and 
the United States, as computed from the reports of the lotli and 
1 3th censuses.]* 


■ Inhabit:ints per | Percentage of Expendkure for 
Areas ■ square mile i improved iand ; fertilizer per acre 


iSSo ; iqio : iS 3 o : tgio 1879 ^ 1909 


Finns Taeda belt: i ; i 

Virginia > 29.4 ; 40.7 ■ 25.9 ; 2S.1 4^0.45 $1.89 

North Carolina ‘ 28. S ; 42.0 ; 19. S i 27.2 | ,41 ' 2.67 

South Carolina ^ 27.5 ; 41.0 ; 18.4 ; 30.0 1 .73 ; 3.47 


Whole states: ' : : ' ^ ; 

Virginia 1 37-7 ^ 52:.2 ' 33-o ' 3S.3 *25 ' 0.70 

North Carolina 2S.7 ; 43.3 ; 20. S 2S.2 , .33 1.39 

South Carolina : 32.0 ' 49.7 ■ 21.2 ' 31.3 , .64 2.49 


Whole United States i 16.9 ' 30.9 i 15.0 25.1 S ,10 0.24 


These statistics ought to make it plain enough that the soil of 
the Finns Taeda belt is less fertile than the average of the states 
in which it lies, and that in this belt the soil fertility tends' to 
decrease a little southward. ' The great increase in the use of 
fertilizers between 1880 and 1910 probably does not 'indicate soil 
exhaustion so much as that the greatly increased output of the 
nitrate, phosphate and potash mines in other parts of the world, 
together with the improvement of transportation facilities, makes 
it possible to cultivate with profit much poorer soils than formerly. 

Climate. As far as climate , is concerned it will probably 
suffice for present purposes' to give for one station in each state 
the mean temperature for^ JanuatyG July and the year, in degrees 
Fahrenheit, the average annual precipitation,' in 'inches, and the 

♦See Science n.'42: 500-503. Oct, 8, 1915. 

t For some similar statistics for other southeattern states and their econonilc 
significance* with a map of the pine-barren region, see Journal of Geography 14: 
42-48. Oct. 1916, ' , , '/ 
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percentage of it that comes in the four \vaniiest montns tjune to 
September) and six u;au*nic?t nicnths :d\Iay to October^ ine 
stations selected are Williamsburg, \’a,, Golasboro, X, C., and 
Blackuille, S. C., at each of trhich records have been kept for more 
than nventy 3^ears. The figures have been computed from the 
arnrual siirnmaries of the U. 5 . Weather Bureau tor 1913? €ixcept 
that a few obvir^us t}^pograpliicaI errors have been corrected with 
the aid of the 1012 summaries. There happens to be no station 
within the Virginia portion of the Finns Taeda belt with a suffi- 


ciently complete record, but AWhiamsburg is onl^’ a short distance 
awa\', on the north side of the Janies River. 


rvlean lempjerutare ! Avenige Precipitation 






Jan. 

July : 

Annual 

' Annual ' 

4 mos. 

6 mos. 

Williamsburg, V 

'a., 22 years. . , 

. 38.4= 

76.8^ i 

a / • t 

i 49.1S : 

3S.6% 

i 51.9% 

Goldsboro, N. C 

44 jmars. . . . 

4 - 2 . 3 " 

. 79.S" ■ 

61.1^ , 

5 ^-S 5 ' 

45 - 0 % 

60 . 0 % 

Black’rille. S. C. 

, 2=; rears 




4747 ' 

44.350 

1 5 S. 3 % 


The milder winter southward is of course not surprising. The 
proportion of summer rain is higher here than in most places a 
little farther inland, but lower than in the neighboring Cape Fear 
pine-barrens. The wetness of the summers in North Carolina, 
especially as compared with Virginia, is significant, and helps 
explain some of the differences in soil and vegetation. 

Vegetation. The pre\'ailing type of upland vegetation in this 
region resembles the typical pine-barrens farther south except in 
having more Finns Taeda than Pinus palustris, more deciduous 
trees, and more shrubs. The flat areas and shallow depressions 
previously mentioned generally have either pocosin or cypress 
pond vegetation, the former being commonest in North Carolina 
(but more characteristic of the Cape Fear pine-barrens) and the 
latter in South Caroliiia-f Both alluvial and non-alluvial swamps, 

*For similar data for other places see Bull. Torrey Club 37: 415-416. 1910; 

41: ssb-SSr* 1914; Rep, Fla. GeoL Surv. 6: 182-183. 1914. 

t The “savannas” described by Chapman and the “bays” described by 'Coker, 
in the works on South Carolina vegetation already cited, must be' very similar to 
pocosins, while Chapman's “ pocosins ” and Coker's “ savannas ” seem to be essentially 
cypress ponds. This does not necessarily indicate that these authors used the terms 
incorrectly, but rather that local, usage varies from place to place. Readers who are 
not familiar with the term “pocosin” can find references in Bull. Torrey Club 37*. 
4t 5 (first footnote)., 1910; and New Internat. Encyc. IL 18: 761. 1916. 
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of several kiiidsj are of frequent occurrence. There is a little 
hammock vegetation near some of the streams. 

Owing to the general flatness of the country it is very 

difficult to draw a sharp line between different habitats or even 
between upland and lowland vegetation. There are many places 
where such ‘'‘xerophytes’^ as Pinus pahislris, Qtierctis marylani-ka 
and Aristida stricta grow -within a few feet of niolst-piiie-barren 
plants like Eupatorimn rolmidifoU'itnij CJwndropliora ntidaia and 
Habeiiaria ciliaris^ apparently in the same soil and -with aiiiiost 
exactly the same amount of moisture. The activities of farmers 
and lumbermen during the last two centuries have complicated 
matters still further. About 30 per cent, of the area is now under 
cultivation, and therefore devoid of natural vegetation, consider- 
able areas are occupied onty by weeds, and the remaining forests 
have been robbed of their largest trees. For these reasons, and 
also because the superficiality of my observations does not warrant 
attempting such details, the vegetation is studied collectively, 
without separating the habitats. The frequency of fire has not 
been specially investigated, but it is doubtless less than in typical 
pine-barrens. At the present time fire is probably less frequent in 
any one spot than it was a century ago, on account of the nu- 
merous fields, roads, etc., that serve as barriers. 

Summary of field work. The plant census below is made up 
from notes taken on several trips between New York and the 
states be\mnd the Savannah River, as follows. The arrangement 
is chronological, and references to places -where some of the 
trips have been written up are given in parentheses. 

June II, 1903. Suffolk, Va., to Weldon, X. C., by the Seaboard Air Line. 
(Torreya 3: 121-123. Aug. 1903.) 

Nov. 17, 1905, Laurel Hill to Pembroke, N. C., by the Seaboard Air Line, and 
back on foot as far as Laurinburg. (Torreya 6: 41-45. March, 1906.) 

July 35, 1906. Savannah River (a few miles below Augusta) to Allendale, S. C., 
by the Charleston & Western Carolina Ry. (Bull. Torrey Club 34: 33 ^^ 377 ; 37 : '4^:1. 
The first reference also applies to the other 1906 dates below.) 

July 26, 1906. Ashley Junction to Florence, S. C., by the Atlantic Coast Line. 

July 27, 1906. .Florence, S. C., to Lake Waccaraaw, N- C., by, the Atlantic 
Coast Line. 

July 2,8, 1906. Wallace (about 35 miles north of Wilmington) to Rocky Mount, 
N. C„ and Suffolk,, Va., by the Atlantic Coast Line. 

July 30, 1906. Suffolk to Petersburg, Va., by the Norfolk & Western Ry. 
(about 47 miles an hour). 
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19, i9:>S. Suffolk to Eiiiporia, Va., by the Southern Ry. (Torreya 9 * 
215-221, 223-226. Nov, 1909. > 

July 26, 1909. On the Seaboard Air Line In southwestern South Carolina from 
the Salkeliatclie River to tiie North Fork of the Edisto. (Bull. Torrey Club 37: 
403-406: 41 1, 413-404, 41S-420. 1910. This covers the w*ork of the next two clays 

SiiSO.j 

Jul}” 27, 1909. Laurel Hill to Rosindale, X. C., b3'' the Seaboard Air Line, and 
Verona to Nevr Born hy the Atlantic Coast Line. 

July 28, 1909. New Bern to IMackej-’s Ferrjy N. C., by the Norfolk & Southern 
Ry. {now Norfolk Soiuhern R. R.). 

Alarch 4, 1910. Penw to Alieiidale, S. C., bj* the Southern Ry. (Bull. Torrey 
Club 38: 225-226. 1911.) 

Aug. 22, 1913. Aiken to x\siiley Junction, S. C., by the Southern Ry., with a 
s‘:op of about an hour at Branchville, which allowed some observations on w^eeds. 
(Torre3-a 16:243. 1916.) Ashley* Junction to Florence, S. C. (same route as on July 

26, 1906) later in the daj*. 

Aug. .23, 1913. Florence, S. C., to Parkton, N. C., and Faj-'etteville to Selma, 
N. C., b\’ the Atlantic Coast Line. Selma to Goldsboro the Southern Ry» 
Gokisboro to Beaufort, N. C., by the Norfolk Southern R. R., but noteAaking 
interrupted hy darloiess near IMansfield, about 89 miles from Goldsboro. 

Aug. 26, 1913. Beaufort to Kinston, N. C., by the Norfolk Southern R. R., and 
on foot from Kinston to Dover and the big pocosin near hy. (See Pop. Sci. Monthly 
85: 354' Oct. 

Aug. 27, 1913. Kinston to Halifax, N. C., by the Atlantic Coast Line. (Notes 
taken later in the day along or near the fail-line north of Halifax are not counted here.) 

IMarch 3, 1914. North Fork of the Edisto to the Salkeliatchie River in South 
Carolina, by the same route as on July 26, 1909, at the rate of about 44 miles an hour. 

Dec. 16, 1915* Florence, S. C., to Pembroke, N. C., by the Atlantic Coast 
Line, and on foot along the Seaboard Air Line for a few miles northwest of Pembroke, 
to get one 01 the same plants seen there in 1905. 

These trips together comprise about 1,560 miles of railroad 
travel in 53 hours (including perhaps 200 stops of half a minute 
or more at stations), and 40 miles of walking in 21 hours; and 
touch about five-sixths of the counties in the whole region. By 
states the field work might be summed up as follows: Virginia, 
one day in June and three in July; North Carolina, one in June, 
four in July, three in August, one in November, one in December; 
South Carolina, two in March, four in July, two in August, one in 
December. If observations could have been made in April, May, 
September and October the list of herbs would be more complete 
and accurate, but it is not likely that any tree that makes up as 
much as i per cent of the vegetation has been overlooked, except 
in cases of closely related species that are difficult to distinguish. 

Methods of Analysis. Notes on the vegetation were taken on 
practically every mile, and from these the percentages given below 
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have been calculated. As car-window notes cannot do justice to 
the abundance of some of the conifers, I have arbitrarily multiplied 
my figures for Pinus Taeda and P. palustris by 5 and for other 
conifers b}’ 3 before calculating the percentages. The figures for 
Cornus florida, Salix nigra^ Oxydendrum^ Car pin us and Planer a 
have been divided by 2 on account of the small size of those trees, 
for the object of this study is to analyze the vegetation volu- 
metrically . The figures for a few still smaller trees, or large shrubs 
(listed after the regular trees) have been divided by 10, those for 
ordinary shrubs and woody vines by 100, and those for herbs b}" 
500.'^ Species seen less than five times, which are presumed to 
make up a wholly insignificant part of the total vegetation, are 
omitted, as are all bryophytes and thallophytes, which are still 
smaller and less conspicuous, on the average, than vascular herbs. 
The fact that nearly all my walking in this region has been done 
in North Carolina tends to exaggerate the shrubs and herbs in the 
middle portion, but allowance is made for that in the generalizations 
which follow the list. 

These percentages of course cannot be guaranteed to be accu- 
rate within 10 per cent.,. but they are reasonably consistent with 
pre-conceived notions and known facts. In C. S. Chapnian^s 
report on Berkeley County, S. C., previousl^^ mentioned, there is 
a multitude of detailed statistics from which the percentages of 
the commoner trees in that particular area can be computed, and 
that serves as a check on my results. But his figures cannot be 
taken as representative of the whole Pinus Taeda belt, for several 
reasons. In, the first place, his area is too small and too far from 
the center to be thoroughly typical, and being the property of a 
lumber company it probably contains more pine than the average. 
Second, some of the species are wrongly identified, f and some yqtj 
common , ones, such as Pinus serotina and Quercus marylandica^ 
are omitted from the statistics thoilgh mentioned as occurring* 

The species are arranged in order of abundance in the region 
as a whole, but the percentages are given separately for each of 
the three states involved, in order to bring out certain 'interesting 

^ This is a modification of a, method described in the 6th Annual Report of the 
Florida Geological Survey, pp. 177-180. 

't See Bull. Torrey Qub 34’, -352. ,1907. , ■ , , . ' 
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features of local distribution. The total percentage is given firsts 
then the name of the species, its usual habitat in the region, and 
the percentages for the three states. Percentages too small to be 
represented without using too many decimal places are replaced 
by o, but where a species has not been seen at all in one of the 
states the space is left blank. Percentages are given for herbs 
only in the case of a few of the most abundant species, for to 
attempt it for all of them would be a refinement wholly un- 
warranted by my crude methods, and would require too long 
decimals. The highest number in each line, if it is reasonably 
certain that more thorough exploration will not overturn its plu- 
rality, is printed in heavier type, so that the reader can run down 
one column at a time and pick out the characteristic species for 
each state. The names of evergreens are printed in heavier type 
(in the case of semi-evergreens only the specific name), and those 
of weeds enclosed in parentheses. 

LIST OF PLANTS 


Trees 





Va. 

N. C. 

s. c. 

46.4 

Pinus Taeda, 

. Nearly everywhere ..... 

58.1 

49.9 

40.4 

16.4 

Pintis palustris ......... 

.Driest soils 

0 

12. 1 

25.6 

6.2 

Pintis serotina 

.Damp sandv places 

I.O 

8.3 

4*7 

3*7 

Taxodium distichum 

.Richer swamps 

8.7 

3*3 

3.1 

3.4 

Liquidambar St:^Taciflua . 

.Various habitats 

s.s 

3-7 

2.6 

3-3 

Nyssa biilora 

. Ponds and swamps 

1.8 

4.0 

2.9 

3.3 

Taxodium asceadens. .... 

. Ponds and small swamps 


3-1 

44 

1.7 

Quercus marylandica. . . . 

. Driest soils 

0,8 

1.8 

1,7 

1.6 

Piiitis ecMiiata 

. Driest soils 

7.8 

0.7 

1.3 

i-S 

Liriodendron Tulipifera . . 

. Branch-swamps mostly . 

2,5 

1.6 

1.3 

1.4 

Acer rubrum 

.Swamps 

I.O 

1.7 

1.2 

1.4 

Magnolia ^anca 

. Non-allu%daI swamps 

1.8 

1.7 

1. 1 

0.8 

Quercus falcata 

.Dry soils 

0.9 

1. 1 

0.4 

0.8 

Quercus Catesbaei. ...... 

. Dry sandy soils 

O.I 

0.5 

1.2 

0.6 

Nvssa uniflora .......... 

.Alluvial swamps. 


o.s 

0.5 

0.6 

Comus florida 

.Uplands 

0.9 

0.8 

0.3 

0.5 

Quercus alba 

.Richer soils 

X .9 

0.7 

O.I 

0.5 

Quercus Pheilos. 

.Low grounds mostly. . . . 

0.3 

0.5 

0.6 

0.5 

Saiix nigra 

.Along streams mostly. . . 

0.9 

0.6 

0.4 

04 

Quercus nigra 

.Low grounds mostly 

0.2 

0.3 

o.s 

0.3 

Quercus stellata. 

.Uplands 

0.2 

0.4 

0.3 

0.3 

Betula nigra, 

.Along creeks and rivers, . 

o.g 

0.3 

0,3 

0.3 

Oxydendrum arboreum . . 

. Uplands. 

o.§ 

0.4 

0 

0.2 

Ilex epaca. 

.Hammocks, etc. 

0.6 

0.2 

0.2 
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0,2 

Fagus grandifolia 

. . . Hammocks, etc 

0.2 

0.2 

O.I 

0.2 

(Diospyros vlrginiana) 

Old fields, etc. 

0,5 

0.2 

O.I 

0.2 

Fraxinus caroliiiiana . . 

. . .Swamps 


0,1 

0.2 

O.I 

Quercias Micliauxii. . . . 

. . . Bottoms, etc 

0 

O.I' 

0.2 

O.I 

Hicoria alba? ......... 

. . .Richer soils 


O.I 

0.2 

O.I 

Hicoria aouatica. . . . . . 

. , .Alluvial swamps 

O.I 

O.I 

0.2 

0,1 

Platanus occidentalis . . 

. . .Alluvial swamps 

0.5 

O.I 

O.I 

O.I 

Quercus cinerea. 

. . .Sandj’ uplands 


O.I 

0.2 

O.I 

Gordonia Lasianthus. . 

. . . Xon-alluvial swamps. . . . 


0.2 

0 

O.I 

Juniperiis virgimana . , 


— 

O.I 

O.I 

O.I 

Populus heterophylla . . 

. . .Alluvial swamps 

— 

0 

O.I 

O.I 

Quercus Ivrata 

. . .Alluvial swamps 

— 

0 

O.I 

O.I 

Planera aquatica 

. . .Alluvial swamps 

— 


0.2 

O.I 

Quercus laurifolia 



0 

O.I 

0 

Carpinus caroliniana ..... Bottoms, etc. 

(and about 23 others) 

Small trees or large shrubs 


O.I 

0 

.04 

(Prunus angustifolia) . . 

. . .Old fields, etc 

0 

.03 

-05 

.02 

(Sassafras variifolium) . 

. . . Old fields, etc 

0 

.02 

.02 

.01 

Persea pubescens. . . . . . 

. . . Non-alluviai swamps. . . . 
(and 5 others) 

Woody vines 


«0I 


,003 

SmBax laurifolia ...... 

, . . Non-aBuvial swamps. . . . 

— 

.01 

0 

.001 

(Lonicera japonica) . . 

. . . Roadsides, etc 

— 

0 

0 

.001 

Tecoma radicans 


0 

0 

0 

0 

Smilax Walter! 

. . .Swamps 

(and about 8 others) 

Shrubs 


0 

0 

.014 

Axundinaria tecta . . . . . 

. . .Low grounds 

.02 

.02 

.01 

.012 

Myrica cerifera 

. . . Richer soils 

.02 

.01 

.01 

.Oil 

Alnus rugosa 

. . .Swamps 

.02 

.01 

.01 

0 

0 

Clethra alnifoHa 

. . .Damp sandy soils 

.01 

.01 

.01 

.007 

Ilex ^abra 

. . .Damp sandy soils 

.01 

.01 

0 

,006 

Cyrilla racemiflora , . , 

. . . Swamps 

— 

.01 


.006 PboradendroH flavescens .On hardwood trees 

.01 

.01 

.01 

.006 Rhus copaliina 

, . .Uplands 

01. 

.01 

0 

.004 Qiiercus pumila 

. .. Pine-barrens 

— 

0 

.01 

.003 Magnolia glaiica®^. . . . 

. . .Low pine-barrens. . , . . . . 

— 

0 

0 , 

.002 Liquidambar Styraciflua. .Row grounds 

0 

0 

0 

.001 

Viburnum nudum 

. . , . Branch-swamps, etc. 

— 

0 

0 

.001 

Aralia spinosa. ...... 

, . .Richer soils 

— 

0 

0 

.001 

Metis nitida. ........ 

, , .Focosins, etc,. 

— ^ 

0 

0 

.001 

(Diospyros virginiana) 


0 

. 0 

O'. 

.001 

(Rubus cunexfolius) . . . 

. . .Roadsides, etc.. . ....... 

0 

0 

0 

,001 

Cephalantlius occidentalis. Swamps and ponds. , . . . 


0 

0 


* See Bull. Torrey Club 34: 37i‘'372. ' 1907, 
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ZenoHa cassisif olia . . . . . . 

.Pocosins. etc 

— 

0 

— 

.001 

Decodon vertidllatiis. . . . 

. Swamps. 

— 

0 


.001 

Baccliaris halimifolia . . . . 

.Low grounds 


0 

0 

.001 

Myrics pmmila. 

.Pine-barrens. 

— 

0 

0 

0 

Hypericum fasciculatum . 

.Cypress ponds, etc 

— 

0 

0 

0 

AscvTum Stans 

.Damp sandy places 

— 

0 

“ 

.005 

(and about 25 others) 

Herbs 

Eupatorium rotimdifolitim.Lo'.v pine land. 

.001 

.005 

.005 

X03 

(Heleniuiii tenuifolium,; . . 

. Roadsides, etc 

0 

.003 

.003 

,002 

Tiiiandsia usaeoides. . . . . 

.On trees. 


.001 

.005 

.002 

Sarraceiiia fiava. 

. Low pine-barrens ....... 

— 

.003 

.001 

.002 

Clioiidrophora nudata, . . . 

.Low pine- barrens. 

■— 

.003 

.001 

0 

0 

(Leptilon canadense) .... 

.Fields and roadsides. . . . 

0 

.002 

.001 

.001 

Pteridium aquilinum. 

.Pine lands 

.001 

.001 

.002 

.001 

Aristida stricta* 

.Pine-barrens 


.002 

0 

.001 

Polvgala iutea 

. Low pine-ban-ens 

.001 

.002 

0 

.001 

Lespedeza capitata sericea. Pine lands 


.001 

.001 

.001 

(Syntherisma sanguinale) 

.Fields, etc 

0 

.001 

.001 

,001 

(Senecio tomentosus) .... 

.Roadsides, etc 

.006 

.001 

0 

,001 

Rhexia Alifanus 

.Low pine-barrens 

— 

.001 

0 

,001 

Chrysopsis graminifolia . . 

.Uplands 

.001 

.001 

.001 

.001 Scirpus Eriophoriim 

.Low grounds 

0 

.001 

.001 

.001 

Plabenaria clliaris 

. Low pine land 

0 

.001 

0 

.001 

(Euthamia caroliiiiana) . . 

.Roadsides, etc 

__ 

,001 

0 

.001 

Osmunda ciiinamomea. . . 

.Low grounds 

0 

.001 

,001 

.001 

Polygala rainosa 

.Low pine-barrens 

0 

.001 

— 

.001 

(Ambrosia artemisiifolia). 

.Fields and roadsides. . . . 

0 

.001 

.001 

.001 

Marsballia grainimfolia. . 

Low pine-barrens 


.001 

0 

.001 

Panicum hemitomon — . 

. Shallow ponds, etc 

— 

0 

.001 

0 

Campiilosu.s aromaticus. . 

.Low pine- barrens 


.001 

0 

0 

Habenaria blephariglottls 

.Edges of swamps 


.001 

— 

0 

Erianthus sp. . . . 

- Pine woods 


.001 

0 

0 

Eriocaulon decangulare . . 

.Low pine-barrens 


.001 

0 

0 

Anchistea virginica 

.Around ponds, etc 


.001 

0 

0 

Afxelia cassioides 

. Pine lands 

— 

0 

.001 

0 

Lilium Catesbaei. 

.Low pine-barrens 


,001 

0 

0 

Polj^gala cymosa 

.Cypress ponds 


0 

.001 

0 

(Acanthospermum aus- 
trale) 

. Roadsides, etc 

0 

.001 

0 

'0 

Andropogon scoparius? . . 

.Uplands 

0 

0 

,001 

0 

Eiipatorium purpureum. . 

. Branch-swamps 

0 

0 

0 

0 

Vernonia'angmstifolia, . . . 

.Dry pine-barrens 

— 

0 

0 

0 

Hymptiaea sagittifolia 

. Creeks and small rivers , 

— 

.001 

0 

0 

(Rhynchosporaiiiexpansa).Low grounds 

.001 

.001 


0 

Mesadenia lanceolata 

.Low pine-barrens 


— 

.001 

0 

Xyris sp. ' 

.Low pine lands ..... 

.001 

0 

0 


* See Bull. Torrey Club '37- '6oi“-6o2, 1911. 
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0 

(Stenopliyllus tloridanu<: . . 

.Cultivated fields 

— 

— . 

.001 

0 

Oxypoiis filiformis. 

. Cvpress ponds, etc 

— 

0 

0 

0 

Pontederia cordata. 

. Cvpress ponds, etc 

— 

0 

0 

0 

Tj’pha latifolia 

. ISi arshes and ditches . . . 

O 

0 

0 

0 

(Diodia teres} 

. Roadsides, etc 


o 

0 

0 

( G na plia li ii ni ob t ii sif ol i ii in ' 

}Oid fields 

— 

o 

.001 

0 

E iipa tor i u ra ver benaef ol- 






ium 

Low pine land . . . 


0 


0 

AndroDOgon sp 


— - 

0 

0 

0 

Habenaria cristata? 

Low nine land ..... 

— 

0 

0 

0 

(Agalinis fasdculata?; . . . 

Old fields 


0 

0 

0 

Solidago sp 




0 

0 

0 

(Cliaetociiloa sp.; 


— 

0 

0 

0 

Rbvncliospora axillaris. . . 

Low x>ine- barrens. . . . . . 

— 

0 

— 

0 

(Eupatorium capillifolium 



.001 

0 

0 

0 

(Lespedeza striata) ...... 

Roadsides, etc 

— 

0 

0 

0 

Ludwigia pilosa 

Ponds, etc 

— 

'0 

0 . 

0' 

Andropogon glomeratus?. 

Low grounds 

— 

0 

0 

0 

lonactis liiiariifolius 

Drv woods 

— 

0 

0 

0 

Moaarda punctata 


— 

0 

— 

0 

Carphephorus bellidifoliiis. 

■^Pine lands 

— 

0 

— 

0 

Agalinis linifolia. 

Cvpress ponds 


0 

0 

0 

(Eupatorium coinpositi- 






folium) 

Roadsides, etc 

— 

0 

0 

0 

(Sarotlira gentianoides) , , 

Old fields, etc. 

— 

0 

0 

0 

Lycopodium alopecuroides.Low pine-’l’>arren5 

— 

0 


0 

3,Iikanla scandens 

. Swamps 

— 

0 

0 

0 

Laciniaria spicata? 

.Low pine-barrens 


0 

0 

0 

Zygadeiiusglaberrimus. . . 

.Low pine-barrens 


o 

r> 

0 

rSida rhombiiolia) 

. Roadsides, etc. ........ 


0 

o 

0 

-Mesosphaenim radiatum . 

.Low pine- barrens 

— 

— 

o 

0 

Iris versicolor 

.Low grounds 

0 

o 

— 

0 

Heiianthus angustifoliiis. . 

. Low pine land 


o 

— 

0 

iCIiamaecrista fascicnlata).01d fields* etc 


0 

Q 

0 

(Polypiremum procumbens 

?) Roadsides, etc 

— 

0 

0 

0 

Eriogonum tomentosum. . 

, .Drv sand 

— 


0 

0 

Sabbatia laiiceolata 

.Low pine-barrens 

__ 

0 


0 

Dichromena latifolia 

. Low pine-barrens. . . . . . 


o 

0 

0 

Rhvnchospora corniciilata . Low grounds 

o 

0 

0 

0 

EriantHus strict us, ...... 

-Low grounds 


0 

0 

0 

' J uncus scirpoldes ........ 

.Low grounds 


0 

— 

0 

Cicuta Curtissii 

.Low grounds 

0 

0 


0 

(Cyperus rotundus) 

. Fields, etc 

— 

o 

0 

0 

Rliexia marlana? ........ 

.Low grounds 

0 

0 

' — 

0 

HympLaea fluviatilis?’ 

. River-swamps 

— 

0 

0' 

0 

Silphium compositiim?. . . 

. Dry pine land 

0 

0 

0 . 

0 

^ Iris tripetala 

.Low*- grounds. ......... 

■— 

0 


0 

Sarracenia purpurea 

. Pocosins, etc. 

— 

0 

— , 


(and about i6o others) 
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Just how much a census taken at the time of the discovery 
of i\nierica would have differed from this it is impossible to say* 
It is very likely^ however, that Pinus Taeda has replaced P. 
palustris to a considerable extent through the influence of civiliza- 
tiorij as claimed by Ashe and others; one of the reasons for the 
change probably being the diminishing frequency of fire, for P. 
Taeda is more sensitive to fire than P. palustris is. 

The percentages of evergreens are for Virginia 694, North 
Carolina 73.6, South Carolina 75.7, and for the whole region 74.0. 
The correspondence between these figures is dose enough to give 
confidence in the method used, and at the same time the differences 
are just what one would expect from the slight differences in soil 
fertility in the three states already pointed out,"^ 

So many of the Ericaceae and Leguminosae are not readily 
recognizable from a moving train that it is hardly worth while to 
attempt to give statistics for these plants for each state separately, 
but for the whole region the proportion of Clethraceae, Ericaceae 
and Vacciniaceae among the shrubs seems to be about 12 per cent, 
and of Leguminosae and allied families among the herbs about 
4 per cent. The figure for Ericaceae is the same as that already 
obtained for northern Floridaf while that for Leguminosae is 
lower. It is reasonably certain that the Ericaceae are most 
a.bundant in North Carolina and the Leguminosae in South 
Carolina. 

By contrasting the more characteristic plants of each division 
we can get some interesting facts. In the following table the 
species which are most abundant in the Virginia portion are listed 
in the first column, the same for North Carolina in the second, 
and for South Carolina in the third. They are arranged in order 
of abundance, just as in the preceding table. Those starred seem 
to be at least twice as abundant in the state indicated as in either 
of the other two. 

This table confirms in a general way observations of a similar 
nature made in passing through the same three states in 1906, 
but taking in a larger and more diversified area.J The proportion 

* Previons estimates of evergreen percentages for parts of the Carolina coastal 
plain (summarized in Bull. Torrey Club 41 ; , S63--S64. 1914) are now believed to 

be too low. 

, t Ann. Rep. Fla'. Geol. Surv. 6: 395. 1914. 

I Bull. To'irey Clwb 34: . 1907. ■ 
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Virginia 

Pinus Taeda 
^Taxodinm distichum 
Liquidambar Styraciflua 
*Pinus echinata 
*Lirlodendron Tiiiipifera 
Cornus florida 
*N3^3sa uiii flora 
^Quercus alba 
Salix nigra 

Oxj^deiidrum arboreum 
Betula nigra 
^Ilex opaca 
Diosp^nros virginfana 
’^Platanus occidentalis 


Myrica cerifera 
’^AlniiS rugosa 
Rbus copalHna 
Liquidambar Styraciflua 


*^Senecio tomentosus 
Eupatorium capiliifolium 


North Carolina 
Trees 

*^Pmus serotina 
Nyssa bifiora 
Acer mbrum 
^'Gordonia Lasianthus 


Small trees 
’^Persea pubescens 

Vines 

’^'Smilax laurifolia 
Smilax Walteri 

Shrubs 
Ilex glabra 
^Cyrilla racemiflora 
Magnolia glauca 
^Viburnum nudum 
Aralia spinosa 
’^''Pieris nitida 
^^'Zenobia cassinifolia 
Decodon verticiliatus 
^Ascyrum stans 

Herbs 

*Sarracenia fiava 
’^Chondrophora nudata 
Leptiion canadense 
’^Aristida stricta 
“^Polygala lutea 
Lespedeza capitata sericea 
'^Rbexia Alifanus 
*Habeiiaria ciliaris 
^Euthamia caroHniana 
*Polygala ramosa 
»*‘MarshaIlia graminifolia 
’^Campulosus aromatkus 
**‘Habenaria blepbariglottis 
’^Eriocaulon decangulare 
^Anchist^ yirginica 
sf'Lilium Catesbaei: 

"(and 24 others)/ ' 


South Carolina 

*Pinus palustrls 
Taxodium ascendens 
=^Quercus Catesbae! 
Quercus nigra 
Fraxinus carolinlana 
Quercus Michauxil 
Hicoria alba? 

Hicoria aquatica 
Quercus cinerea 
Populus heterophylla 
^Planera aquatica 
’^Quercus I y rata 
Juniperus virginiana 
Quercus laurifolia 

Prunus angustifolia 

Tecoma radicans 


Phoradendron fiavescens 
’5'Quercus pumila 
Diospyros virginiana 
Baccharis halimifolia 
^Ply'pericum fasciculatum 


Heleniuni teiiuifoHum 
^Tillandsla usneoides 
=^Pteridmra aquilinum 
’^'Chrysopsis graminifolia 
*Scirpus Eriophorum 
Osmunda cinnamomea 
Ambrosia artemlsiifolia 
^Panicum hemitomon 
Afzelia cassioides 
Polygala cymosa 
Andropogon scoparius? 
Mesadenia lanceolata 
Stenophyilus florldantta ’ 
Oxypolis filiformis 
' Typha latifola' \ ' 

: Dlodk teres 
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of trees is evideiilK' highest in Virginia, and of shrubs and perhaps 
herbs in North Carolina. 

W'itiiout taking up undue space by considering each species 
separately, it may be said that those in tlie Virginia list are 
mostly species that prefer soils richer in potash or humus than the 
average of the region/'' Those in the North Carolina list are 
largely plants of moist pine-barrens or sandy or peaty bogs, called 
“bog* xerophytes'’ b\- some American ecologists, and '*oxyio» 
phytes’' by Warming. Some of those in the South Carolina list 
be restricted in their northward distribution by temperature, 
as suggested in 1907. Others are characteristic of cypress ponds, 
and some apparently prefer more ferruginous or pliosphatic soils 
than the average of the region. (This may apply especially to 
the genus ( 2 iiercns, of which there is one in the first column, none 
in the second, and seven in the third.) Some of the herbs are 
weeds, but just why weeds should be more abundant in South 
Carolina is not apparent. It is probabl}" by such comparisons 
as these, preceded by careful analyses of environmental factors, 
that we can make the most progress in discovering just what is 
the optimum environment for each species. 

Volumetric and dynamic studies. From reports of foresters on 
more or less similar areas (which need not be cited here), the stand 
of timber at the present time may be estimated roughly as 6,000 
board feet of lumber per acre. This is equivalent to 500 cubic 
feet; but to make allowance for slabs, sawdust, tops, saplings, 
bushes, etc., the latter figure should be just about doubled, making 
1 ,000 cubic feet of wood per acre. 

The average increment of partly culled forests of Pinus Taeda 
is at least 3 per cent, annually, and as that is the most abundant 
species in the region under consideration we will not be far wrong 
if we take 3 per cent, for the annual increment of the whole 
vegetation, which would make 30 cubic feet of wood per acre per 
year. 

The dry wood of Pinus Taeda weighs 34 pounds per cubic 
foot, according to Sargent, but that of most of the other trees is 

* Several of the same species were found a few years ago to be more abundant 
in the pine-barrens of Mississippi than in those of Georgia; doubtless for similar 
reasons. See Bull. Torre>' Club 41 : 563. 1914- 
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lieavierj so that we will assume the average vreight to be 37 pounds, 
and that of the woody increment i,iio pounds per acre. 

The percentage of ash in the wood is 0.26 in Finns Taeda^ but 
more in most of the other trees, say 0.32 on the average, which 
would make over three pounds of mineral matter taken each ^-ear 
from the soil b3" the ivood alone. As the inorganic constituents 
of plants are chiefly concentrated in leaves and bark, and the 
herbs, which are renewed from the ground up every year, probably 
take as much from the soil per acre per t-'ear in such open forests 
as the trees do, we may safely multiply the last figure by forty or 
fifty, making something like 150 pounds per acre (equivalent to a 
layer of soil about 0.0005 inch deep) for the annual draft on the soil. 

This is less than is taken from the soil by the average culti- 
vated crop, even without fertilization, and it all goes back to 
the soil in the course of time, except what is removed by lumbermen 
and grazing animals or carried away by streams. Fire, though it 
destroys the humus and thus dissipates the nitrogen, at the same 
time accelerates the return of the mineral substances to the soil, and 
thus enables forests of the pine-barren type to do a large business 
on a small capital, so to speak. The gradual erosion of the whole 
surface, continually exposing deeper layers of soil, is probably 
sufficient to counteract the leaching and keep the soils from becom- 
ing steadily poorer. 

The amount of water evaporated hy average vegetation in 
moderately humid regions is said to be about 700 pounds to one 
pound of dr\’ vegetable tissue, and if the total amount of vegetable 
matter produced in a year is four times the amount of new wood 
estimated above, or 4,440 pounds per acre, the water required 
for the region in question would be 3,108,000 pounds per acre, 
equivalent to about 16 inches of rain, or less than half as much 
as would evaporate from open water in that climate.’^' 

The foregoing estimates are only crude approximations, but 
probably liC' somewhere betw^een half and double the correct 
figures; and wffien such a method is applied with skill and patience 
to the vegetation of different regions, or different liabitats^ in the 
same region, it ought to yield some extremely significant results. 

College Point, New York 

* See Trauseau, Am. Nat. 39: 885; Rep.^Mich. Acad.'Sci.', 7 : 74. 1905/: 
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Notes on Rosaceae — XI 

Per .Axel Rybberg 

Roses of California and Nevada 

Two years ago I had practically completed the manuscript for 
the monograph of the genus Rosa to be printed in the North Amer- 
ican Flora. As this would only make half a part as usually pub- 
lished, and as the rest of the manuscript for the same part, which is 
to be contributed by other persons, is not yet ready and may not be 
for some time, I thought it would be advisable to publish some of 
the notes and some of the descriptions of new species in advance. 
Besides, Professor Le Roy Abrams, of the Leland Stanford Uni-* 
versity, has ssent me for determination the collection of North 
American roses, found in the herbarium of the said institution. 
I therefore think it is a proper time to put on record my present 
knowledge of the genus Ram, -with particular reference to California 
and Nevada, the two states best represented in that collection. 

Key to ttie groups jaiiil species 

Pistila numerous; styles as well as the upper part of the hypan- 
thiutn persistent. 

Flowers corymbose or, when solitary, supported by bracts; 
achenes borne both on the inner walls and in the 
bottom of the receptacle; leaflets large. 

Stem with scattered prickles, rarely also' with inter- 
mixed bristles; sepals distinctly lobed; foliage glan- 
dular-punctate, sweet-scented. ■ , L Caninae. 

Stem* at least the young shoots, bristly; prickles infra- , , 

stipular or lacking; sepals entire or only the outer ' , - 

[The Bulletin for Jaiiiiary:,(44: 1-64) was issued February la, ipiT.] ", 

^ .65'..: '.A:.'' ' 
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cues occa^-c.nall:’ i/iie or tsvo lobe-; foliage not 

Flcra'ers solitary, bractless: achenes inserted onX^ in tlie 
bcitto-ni of the Ii^.^canibiuin: leaSets very small- 
Pistils fe'iv; styles cecidnons vcith the upper part of the liypan- 
thicni which falls c5 like a ring. 


L Caxixas 


XL ClXXAMOMAE 

Flower? incstly s-.uitary; petab usually 2.5 cm. long or more; 
hypanthiuni :n fruit 12-20 mm. thick; prickles straight. 
Prickles stout, more or less flattened below, ascending; 
petioles, rachis, and lower surface of the leaflets not 
pilose, except sometimes on the veins. 

Leaflets very thin, pale and slightly gland iilar-puber- 
tiieiit, but not niurkiiSate beneath. 

Leaflets thicker, dark-green on both sides, conspicu- 
ously glaadular-muricate beneath. 

Prickles weak, almost terete; petioles, rachis, and lower 
surface of the leaflets distinctly pilose. 

Flowers mostbr corymbose; if solitary, the petals 2 cm. long 
or less; fruit rarehr mure than i cm. thick- 
Prickles more or less curved; leaves more or less softly 
villous or pilose. 

Leaflets not at ail glandular beneath, mostly simple- 
toothed; hypanihiinn with a distinct neck, often 

ovoid. 

Leaflets conspicuously glandular beneath, more or less 
double-toothed. 

Hypanthium with a distinct neck. 

Leaflets broadly oval or obovate; fruit sub- 
globose or broadly obovoid. 

Leaflets elliptic; fruit elongate-ellipsoid. ■ 
Hypantiilum depressed-globose, without a neck; 
leaflets elliptic or narrowly oval. 

Prickles straight or nearly so. 

Hypiatithium, normally not bristly. 

Hypanthium globose or nearly so; neck obsolete 
or inconspicuous. 

Sepals lanceolate, with long caudate-attenuate 
or foliaceous tips, more than i cm. long. 

^ Stipules, petioles, and rachis copiou.sly 
glandular; leaflets orbicular or rounded- 
ovate, often double-toothed with gland- 
tipped teeth, more or less glandular- 
granuliferous beneath. 

Leaflets very thin; prickles slender. 


1 1 . ClXXAI^IOMIAE. 

III. LIinutifoliae. 

IV. Gt'^IXOCARPAE. 

I. R. riihiginosa. 


2. R. mitkana, 

3. R. muriculaia* 

4. R. Bromiii, 

5. R. calif ornica^ 

6. R. AUlersonii. 

7. R, Greenei, 

S. R. br achy car pa* 
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Leaflets green on both sides; petals 
about 2 cm. long. 

Leaflets pale beneath; petals about 
I cm. long. 

Leaflets not very thin, dark-green; 
prickles stout. 

Leaves scarcely pubescent beneath. 

Leaves decidedly pubescent beneath. 

Leaflets rather simply serrate; 
hypanthiuni pilose when^'oung. 

Leaflets conspicuously double-ser- 
rate; Iiypanthium glabrous. 

Stipules, petioles, and rachis not conspicu- 
ously glandular (stipules glandular- 
denticulate in no. iS). 

Leaflets glabrous or nearly so. 

Leaflets broadly oval, 3-5 cm, long. 

Leaflets obovate to elliptic, rarely 3 
cm. long. 

Leaflets usually obovate, not shin- 
ing; plant not conspicuously 
prickly. 

Leaflets elliptic, shining; plant 
usually very prickly. 

Leaflets more or less pubescent beneath. 

Leaflets villous or pilose beneath, 
rounded or broadly oval ; prickles 
stout. 

Leaflets sparingly pubescent on 
both sides, thin; prickles rather 
few. 

Leaflets pubescent on both sides, 
densely so beneath, thick; 
prickles numerous. 

Leaflets finely puberiilent beneath; 
prickles rather weak. 

Leaflets rounded-oval or subor- 
bicular, thick; stipules conspicu- 
ously glandular-denticulate; pe- 
tals less than i cm. long. 

Leaflets elliptic to oval; stipules 
slightly if at all glandular- 
dentate; petals larger. 

, Sepals decidedly glandular on 
the back; prickles' few, small 
and ascending. 

Sepals not glandular on the 
back. 


9. R, pinetcr2mi. 

10. R, calavera. 

3. R. miiriculaia. 

11. R. saniae-cruds, 

12. R. DudleyL 

13. R, rival: 

14. R . chrysocarpa, 

15. R. mohavensis, 

16 . R. myriatitha, 

17. R, Daifyi. 

iS. R. roiundaia, 

ig. R, phomr-pa. 
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Leaflets broadly oval, thin, 
2 -s cm. long; plant 
nearly nnarmed. 

Leaflets narrowlj- oval or 
elliptic, less than 3 
cm. long. 

Leaflets Arm; prickles 
few. 

Leaflets thin; prickles 
numerous. 

Sepals ovate, less than i cm. long, not conspicu- 
ously caudate; leaflets glandular-double- 
toothed, glabrous or slightly gland ular-granu- 
liierbiis beneath. 

Hypanthium elongate, with a distinct neck. 

Hypanthium glabrous. 

Leaves flnely puberulent beneath; fruit 
elliptic; plant unarmed or nearly so. ■ 
Leaves glabrous; fruit urn-shaped; prickles 
rather stout, flattened below. 

Hypanthium pilose when young, ellipsoid; 
leaves pilose, densely so and glandular- 
granuliferous beneath. 

Hypanthium densel3* bristly or prickly. 

Leaflets tliin, usually more than 1.3 cm. long, not 
glaucous; sepals more than i cm. long. 

Leaflets densely glandular-granuliferous beneath ; 
teeth usually lanceolate in outline. 

Leaflets sparingly glandular-granuliferous be- 
neath; teeth ovate’ in outline. 

Leaflets firm, glaucous,' less than 1.5 cm, long; 
sepals less than i cm. long. 


20. E. salictormn. 


21. R, uUramonimia. 

22. R. gratisshna, 

23. R. BolanderL 

24. R. Prhiglez. 

25. R, Co'pelandii. 

26. R. pilifera. 


27. R. gmnulata. 

28. R. spithamaea, 

29. R. so nomen Sts, 


in. AIinutifouiae 

One species. 30, R, mimitijlora, 

IV. GIlTUNOCAKPEAE 

Leaves glabrous beneath; prickles very slender. 

Flowers usually solitary, not leafy-bracted; stipules nar- 
row; leaflets with lanceolate teeth; fruit 6 mm. in 
diameter or less. 

Leaflets 5~-7,, xisually more tlian 1.3 cm. long, the 

terininal one rounded at the base. 31. R. gymnocarpa. 

Leaflets 7-9, usually les.s than 1.5 cm. long, the terminal 
one 'usually acute or cuneate at the base. 32. R, prionota. 

Flowers mostly 2-4 together, leafy-bracted: upper stipules 
broadly dilated; leaflets with broadly ovate teeth; fruit 
6“8 ninn broad. , 33. R, dasypoda. 

Leaves pubescent beneath; prickles usually stouter. 34. i?. Bridges H. 

L ^ CANINAE. The members of this group are natives of the 
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Old World and are represented in this country by a few intro- 
duced species. 


I. Rosa rubigixosa L. 2: 564. 1771 

The sweet brier is often cultivated and has escaped in many 
places in this country. In some parts of the eastern United States 
it is thoroughly naturalized. On the western coast it has estab- 
lished itself ill several places in Oregon and Wasiiingtoip but the 
writer lias seen herbarium specimens only from one place in 
California. On account of its stout prickles it has been confused 
with R. ntitkana, to which it has no close relationship. 

Califorxia: Yreka, 1910, Geo. D. Butler 1427, 1802. 

n. CINNAMOMIAE. This group is represented in Cali- 
fornia and Nevada only by species of the true Ciniiamomiae, 
i. e., species with infrastipular spines usually present. 

2. Rosa'XUTKAXA PresI, Epim. Bot. 203. 1S49 

Although an easily distinguished species, except from the next 
two species, it has been mistaken for R. fraximfoUa Borkh. (i. e., 
R. blanda Ait.) and R. Woodsii LindL It has also been named 
R. caryocarpa Dough and R. Lyalliana Crepin, but these names 
have not been published except in synonymy. R. aleutensis 
Crepin is probably an unarmed form of this species. R. n-utkana 
Is distributed from Alaska to northern Wyoming and Oregon. 
It has also been reported from northern California, but the writer 
has no definite locality cited. Perhaps the record is based on 
specimens belonging to either of the next two species. 

3. Rosa muriculata Greene, Leaflets 3: 263. 1912 

/This species is closely related to R. nutkana and perhaps not 
specifically distinct. , It differs in the thicker and smaller leaves 
densely glandular-muricate beneath and in the often oorymbose 
inflorescence. It ranges from, British Columbia to northern 
California. 

California: Mad River, Humboldt County, 1878,, YwM 
Rattam; Areata, Humboldt County, 1899, Dudley.. ’ 
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4. Rosa Brownii R^'dberg, sp. !io\y 

Stem slender, terete, glabrous, green or brownish, armed -with 
slender straight prickles which are 5~S mm. long, terete except the 
expanded depressed base; leaves five- to seven-foliolate; stipules 
ovate, acute t petiole and rachis finely pilose and more or less glandu- 
lar: leadets thin, 1-3 cm, long, serrate with some of the'teeth double, 
broadly cmal, acute at the apex, glabrate above, paler, pilose and 
s'lighiir glandular-niuricate beneath; flowers mostly solitary; 
pedicels 1-2 cm. long, glabrous; liypanthiuni globose, glabrous, in 
fruit al'Oiit 12 mm. in diameter; sepals lanceolate, caiidate-acu- 
urinate, usuaHy with foliaceous tips, about 2 cm. long, glabrate 011 
the back, tomentose and slighth' glandular-hispid around the 
margins, and tomentose within; petals broadly obovate, rose- 
colored, 1.5-2 cm. long; styles distinct, persistent, not exserted; 
achenes inserted both on the inside and in the bottom of the 
hypantiiium. 

This species resembles somewhat R. 7tiitkana, but the prickles 
are weak, not at all flattened, and the petioles, rachis and lower 
surface of the leaflets decidedly pilose. Much of the Californian 
material determined as R. nutkana belongs here. 

California: North side of IXlt. Shasta, 1897, H. E, Brown 3 4Q 
(type, in the herbarium of the New York Botanical Garden) ; Hum- 
boldt Bay, 1901, Chandler II gS; Mendecino, 1903, McMnrpliy 270. 

5. Rosa californica Cham. & Schlecht. Liiiiiaea 2: 35. 1827 

The original R. californica is characterized by its stout, flat, 
usually curved prickles, corymbose flowers, and its leaflets which 
are villous on both sides, usually simple-toothed and rarely 
slightly, if at all, glandular. The hypanthium is usually ovoid with 
a distinct neck. It is not uncommon throughout California, and 
two specimens have been seen from' Lower California. 

Lowmn California: San Ysidro Ranch, Mearns 3863 (peculiar 
form); between Tio Juana River and Laguna, Mearns 3304, 

6. Rosa Aldersonii Greene, Pittonia 5: no. 1903 

This species differs from R. californica in the doubly serrate 
'leaflets which are conspicuously glandular-granuliferous and only 
slightly, if at all, pubescent beneath. The first one to recognize 
it as different from the typical R, californica was C. A. 'Meyer, who 
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called it R. calif arnica PetersianaR Crepiii changed the varietal 
name to *^.andulosa,i He also gave R. Aschersoniatia Crepiii as a 
synonym,. Rosa Aldersonii was described from a specimen, not 
quite of the usual form, having small, more rounded leaflets, sliort 
prickles and congested inflorescence. Rosa Breiceri Greenet isy 
in my opinion, only a stunted and somewhat abnormal form of 
this species, with dense!}" glandular pedicels and more hairy 
leaves. R, Aldersonii is, besides, very ^-'ariable, usually with a 
siibglobose liypaiithium, with a distinct neck, but sometimes with 
a somewhat ellipsoid hypantliium. It also varies in having larger 
or smaller leaflets and with numerous or few flowers. Sometimes 
the styles are more or less exserted. It is fully as common as the 
preceding throughout California. 

7. Rosa Greenei Rydberg, sp. nov. 

Stem rather slender, i m. or so high, purplish, glabrous, armed 
with curved infrastipular prickles, -which are more or less flattened, 
3-6 mm. long; leaves five- to seven-foliolate; stipules narrow, 1-1.5 
cm. long, densely glaiidular-puberulent; petiole and rachis glandu- 
lar-pubenilent and somewhat prickly* leaflets elliptic, acute at both 
ends, 2-4 cm. long, glandular-double-toothed, puberulent above, 
glandular-puberiilent and slightly pilose beneath; inflorescence 
corymbiform or paniculate; pedicels 1-2 cm,. long, glandular- 
piiberulent; hypantliium elongate-ellipsoid, with a distinct neck, 
in fruit 2 cm. long and i cm, in diameter: sepals lanceolate, caudate- 
acuminate, about 2 cm, long, glandular-hispid on the back, to- 
meiitose within, in fruit persistent and erect; petals about 15 mm. 
long, rose-colored; styles distinct, persistent, not exserted. ' 

This is related to R. Aldersonii, but differs in the narrower 
leaflets and the decidedly ellipsoid hypanthium, with a long neck. 

California; Santa Cruz Island, July and August, 1886, E . L . 
Greene (type, in the United States National Herbarium); appar- 
ently also San Mateo, Helhr 8582. 

8. Rosa brachycarpa Rydberg, sp. nov. 

Stem apparently tall, stout, purple, armed with curved flat- 
tened infrastipular prickles, which are about '5 mm. long; leaves 
mostly seven-foliolate; stipules not strongly dilated, cm Jong, 

19. I$4g. ' , 'i' ' 

' t Bull. Soc. Bot. Belg. 15: $2. ,1876. ' " ' ^ y 

$ Leaflets a: 262. 1912. ^ , ,,'V; 
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glaiidiiiar-ciliate on the margins and gland iilar-ptiberiilcn.t on the 
back; petioles and rachis glandular-piiberulciit and sliglitlv 
prickly; leaflets elliptic or narrowly oval, mostly acute at both 
ends, rather evenly serrate, with broad, occasionally double, and 
gland-tipped teeth, conspicuously glandular-puberulent and 
slightly pilose beneath, 2-4 cm. long; inflorescence rather many- 
flowered, corynibiform ; pedicels about i cm. long, glabrous or 
nearly so; hypanthium depressed-globose, without a neck; sepals 
ovate, caudate-acuminate, about 1.5 cm. long, glabrous on the 
back, villous on the margins and tomentose within; in fruit erect 
and persistent; petals about 15 mm. long; styles distinct, persistent, 
decidedly exserted. 

This species is also related to R. Alder sonii, but differs from 
all the other relatives of R. caUfornica in the hypanthium lacking 
the neck, and in the decidedly exserted styles. 

California: Temescal Canon, near Elsinore, May 23, 1892, 
McClatcMe (type, in the herbarium of the New York Botanical 
Garden). 

9. Rosa pinetorum Heller, Muhlenbergia i: 53. 1904 

This species has been collected only in the neighborhood of the 
type station, that is around Monterey Bay. The following speci- 
mens have been seen. 

California: Pacific Grove, Heller 6817; 1907, Patterson & 
Wiltz; 1908, L, E. Cox; Point Pinos, Heller 8413; Monterey, Parry. 

10. Rosa calavera Greene, Leaflets 2: 257. 1912 

This was included in the R. gymnocarpa group by Dr. Greene, 
perhaps on account of the shape of the leaflets and the small 
flowers, but the sepals and style are persistent and it is more nearly 
related to R. pinetorum, differing in the small flowers and the leaflets 
which are pale beneath. While R, pinetorum is confined to the 
coast, this species belongs to the Sierra Nevada. 

California: Calveras Big Tree Grove, E. L. Greene; Tulare 
County, Dudley, at the following localities: Second Dry Meadow 
Creek, Kern River, 1895; Board Camp, 1902; Keweath River 
Valley, 1896, 1383, 1367, 1313^; Redwood Meadow, Alta Peak, 
1896, 1642; Coffee Pot Camp, 1897, ^765; Hollow Log Camp, 
1900; east of Sequoia Grove. 
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II. Rosa santae-crucis Rydberg, sp. iiov. ■ 

Stem i“2 m. high, dark reddish-brown, glabrous, armed with 
straight stout infrastipular prickles about i cm. long and more or 
less flattened; leaves mostly five-foliolate; stipules 1.5-2 cm. long, 
pubescent as well as densely glandular-muricate, more or less 
lobed; free portion ovate, obtuse; petiole and rachis villous and 
glandiilar-puberulent; leaflets rounded-oval, 1-3 cm. long, rounded 
at each end, rather simply serrate, with broad ovate teeth, pilose 
and glandular-puberuient above, villous and conspicuously 
glandular-muriculate beneath; inflorescence corymbose, many- 
flowered, leafy-bracted ; pedicels short; hypanthium globose, 
pilose when young, in fruit 12-15 mm. in diameter; sepals lanceo- 
late, caudate-attenuate, 15-20 mm. long, villous and glandular- 
hispid, erect and persistent in fruit; styles included, distinct, 
persistent; achenes inserted both in the bottom and on the inside 
of the hypanthium. 

This species suggests closely R. Alder sonii and its relatives, 
but the prickles are straight. 

California: island of Santa Cruz, 1886, £. L, Greene {in. the 
Greene herbarium). 

12. Rosa Dudley! Rydberg, sp. nov. 

A low shrub 3-5 dm. high; branches reddish or greenish, armed 
with infrastipular straight prickles 5-10 mm. long, somewhat 
flattened below, and with smaller scattered prickles on the new 
shoots; leaves usually five- to seven-foliolate; stipules narrow, glan- 
diilar-puberiilent and conspicuously glandular-dentate; free portion 
lanceolate; leaflets rounded-oval, or the terminal one rounded- 
obovate, 1-2 cm. long, conspicuously double-serrate with gland- 
tipped teeth, pubescent on both sides and glandular-puberuient 
and somewhat paler beneath; flower corymbose; hypanthium 
glabrous, subglobose, in fruit about i cm. broad; sepals densely 
puberulent on both sides, grayish within, glandular-ciliolate, in 
age I2-X5 mm. long, caudate-acuminate; petals about 1 cm. long. 

In general appearance it resembles somewhat smomehsis 
md'R.^BridgesUf but differs from the former in the glabrous, not 
bristly, hypanthium and from the latter in the persistent styles 
and sepals, the stouter spines, and larger subglobose fruit. It is 
most closely related to R, calmera , hut differs in the thicker, more 
, hairy leaves and' stouter prickles., ■ 

,CALiFORN,iA::,near','Booles, Home,. \Gonverse Basin, Fresno 
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County, October i6, 1900, Dudley 3388 (in the Dudley her- 
barium j Leland Stanford University). 

13. Rosa rivalis Eastw. Bull. Torrey Club 32: 198, 1905 

This species is related to R. Woodsii and R. pisocarpa, but its 
leaflets are much larger, broader and thinner, broadly oval, 
sometimes almost orbicular and perfectly glabrous beneath „ 
They resemble somewhat those of R. myriantJia^ which, however, 
has pubescent leaves. I have not seen the type of this species 
but showed Kellogg & Harford's No. 226 to Miss Eastwood, and 
she said that she regarded the same as typical R. rivalis. In the 
Missouri Botanical Garden herbarium, the locality of this number 
is given as San Francisco. This is probably wrong. In the her- 
barium of the New York Botanical Garden, Kellogg’s field label 
is present, which reads: ''Rosa. Long Valley, June ii, 1869, red, 
7 or 8 feet high — along shady rivulet — Kellogg.” According to 
Miss Eastwood, Long Valley is not very far from the type locality 
of i?. rivalis, A form with leaves somewhat pubescent beneath 
and somewhat glandular petioles was collected by Mrs. Austin (No. 
400) at Mill Creek, California. The following belong to i?. rivalis: 

California: Long Valley, Kellogg & Harford 226; Placer 
County, 1893, Hardy (on this sheet Cr€pin has written: 
''N’est pas le R, spithamaea Wats., ou le californica^ etc.”). 

Oregon: Cold Spring, Crook County, 1898, Coville & Applegate 
13X, 

14. Rosa chrysocarpa Rydberg, sp. nov. 

Stem tall, 1-3 m. high, terete, at first light yellowish green, 
later grayish brown, armed with straight prickles, vsomewhat re- 
trorse, terete, 3-7 mm. long, usually more or less flattened at the 
very base, some of them infrastipular, others scattered, of various 
lengths; young shoots, copiously armed with bristle-like prickles; 
floral branches i-”2 dm. ' long, armed with mostly ' infrastipular 
prickles; stipules adnate, glabrous, 1-2 cm. long, the lower narrow*^ 
the upper dilated, glandular-dentate or ciliate on the margins; 
petiole and rachis glabrous, sometimes wuth a few prickles; leaflets 
five to seven, elliptic or oval, thin, glabrous on both sides, yellowish 
green, coarsely serrate throughout, petioluled, 1-4 cm. long; flowers 
corymbose, leafy-bracted ; pedicels 1-2 cm. long, glabrous; hypan- 
"thiurii: globose, glabrous, at first light-green, in fruit about i cm* 
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thick and orange; sepals lanceolate, caudate-attenuate, about 1.5 
cm. long, glabrous or nearly so on the back, tomentose on the 
margins and within, in fruit erect and persistent; styles distinct, 
pehsistent, not exserted; achenes inserted both in the bottom and 
on the inside of the hypanthium. 

This species is related to i 2 , Woodsii, but diflfers in the yellowish 
green leaflets, sharply serrate with teeth directed forward, the 
orange fruit and usually many-flowered corymbs. The following 
belong here: 

Utah: Allen Canon, 1911, Rydberg Garrett P302 (type, in 
the herbarium of the New York Botanical Garden); Logan, M'iss 
Mulford i8g. 

Idaho: Castford, 1912, Nelson Macbride 1749; Rock Creek, 
1911, Macbride 1375; King Hill, 1912, Nelson Machride 1109, 

Nevada: Franktown, Kennedy 1935; Kings Canon, Baker 
1221, 

California: Dutch Flat, Placer County, 1909, Dudley. 

15. Rosa mohavensis Parish, Bull. So. Calif. Acad, i: 87. 1902 

This was originall}^ described as R. calif ornica glabrata Parish. 
Parish overlooked the fact that there was an older R, calif ornica 
glabrata Crepin, The present species is not related to R. calif ornica 
but to R. Woodsii, from which it differs in the shining, elliptic 
instead of obovate, leaflets. 

California: Cuslienberry Spring, Parish 4941; Aqueduct, 
Amador County, Hanseji 18139 in part; Southern California, 
Elmer 3732; Abrams 2821. 

16. Rosa myriantha Carr. Rev. Hort. 186$: 448., 1865 

This species, not uncommon in California, has generally been 
overlooked. Cr6pin, apparently not knowing it very well, admitted 
it as a variety glabra of R. calif ornica, notwithstanding the fact 
that it has straight prickles. Regel described it under the name R. 
californica. From his treatment it is not evident that he even 
knew of the existence of i?. calif ornica Cham. & Schlecht., but it is 
evident that he was not familiar with it. Xbe following specimens 
belong to R. Myriantha,\ , ■ ■ ^ ^ , A 

, California :AEeL River, ■ Heller 6044; Reef Caflon, 
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Abrams if MacGregor JJ 5 ; Goose Lake, Mrs. Austin 455; '' Cali- 
fornia/'’ Kimtze 3205: Berry Canon, Heller if Broion 554 ^} 
Butte County, 2Irs. fliistin 1800; Colby 752; Sonoma County, 
Heller 367S; Little Chico, Mrs. Austin 1807; Round Valley, 
Chestnut 212; San Diego County, Abrams 3763; Laguna, Mearns 
36030; ScJwenfeldt 33g8; Dulzura & El Mido, Mearns 3S7g; Witch 
Creek, San Diego County, Abrams 4914. 

Oregon: Barlow Gate, Lloyd; Lower Albina, Portland, Shel- 
don 10639; Wimmer, Hammond 119, in part. 

17. Rosa Davyi Rydberg, sp. nov. 

Stem stout, 5-10 m. long, glabrous, armed with numerous stout 
prickles flattened below; leaves five- to seven-foliolate ; stipules 
broad, i~i .5 cm. long, glandular-dentate on the margin, densely vil- 
lous, free portion lanceolate to ovate; rachis and petiole villous and 
sometimes glandular-hispid, usually with a few prickles; leaflets 
broadly oval, 1-2.5 cm. long, rather firm, rounded at both ends, 
coarsely and simply serrate, short-pilose above, villous beneath; 
flowers two or three together or solitary; pedicels 1-2 cm. long; 
liypanthium globose, glabrous, in fruit 15 mm. in diameter, purple; 
sepals lanceolate, caudate-acuminate, 15 mm. long or more, 
villous on the back, tomentose within, erect and persistent in 
fruit; petals about 2 cm. long,* obcordate; styles persistent, dis- 
tinct, not exserted. 

Rosa Davyi resembles R, californica in the leaf-form, but the 
prickles are long, straight and very numerous. It is a rare species. 
Greene collected a specimen wdthout flower or fruit, which was 
nearly 7 m. high, at San Joaquin. The prickles are straight, flat, 
and nearly i cm. long. It evidently belongs here. 

California : Saratoga, Davy 263 (type, in the herbarium of 
Columbia University) ; Is/lendodno^ McMurpJiy 270. 

18. Rosa rotundata Rydberg, sp. nov. 

A stout shrub, more than 5 dm. high; new canes copiously 
armed with slender, straight, almost terete prickles, 5-10 mm, long; 
branches red or purplish, with smaller infrastipular and scattered 
prickles; leaves mostly five- to seven-foliolate ; stipules large, 
lance-ovate, puberulent on both sides, conspicuously glandular- 
denticulate, 1-1.5 cm. long; leaflets rounded, oval or suborbicular, 
1-1.5 cro- long and nearly as broad, finely puberulent on both 
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sides, coarsely crenate-serrate with broad teeth; flowers corymbose; 
hypaiithiuiii round-ellipsoid or globose, with a short neck; sepals 
ovate, caudate-acuminate, about 8 mm. long, villous within and 
on the margins; petals 8-10 mm. long. 

This species is related to R, pisocarpa and R. uUraniontana, 
but differs in the shorter and broader thicker leaflets, the more 
prominent armature, and the small flowers. 

Nevada: mountains west of Franktown, 1912, Heller 10520 
(type, in the herbarium of the Ne\Y York Botanical Garden). 

19. Rosa pisocarpa A. Gray, Proc. Am. Acad. 8: 382. 1872- 

Professor Crepin badly misunderstood this species. Nearly 
anything with a small hypanthium he referred to it. Specimens 
of R. Woodsii^ R. Fendleri, R. idtramontana^ together with two 
undescribed species, and even R. Engelmanni we find determined 
as R. pisocarpa by him. It belongs purely to the Columbia 
Valley region and is not found in the Rocky Mountain states. It 
is characterized by the elliptic or oval leaflets, finely puberulent 
beneath, the comparatively short and glandular sepals, the 
numerous flowers and short ascending straight prickles. 

The only specimen from California seen by the writer is one 
collected by Mrs. Austin without definite locality. 

20. Rosa salictorum Rydberg, sp. nov. 

Stem slender, 3-5 m. high or in open places lower, unarmed or 
nearly so, except the new shoots, which are bristly at the bafe ; infra- 
stipular spines seldom present; leaves five- to seven-foliolate; stipules 
adnate to the petioles, cm. long, the upper dilated, more or 
less toothed, finely puberulent ; petioles and rachis unarmed, puber- 
-uleiit; leaflets broadly oval, coarsely and evenly serrate, thin, 
equally green on both, sides, glabrous above,' finely puberulent' 
beneath, rounde'd or acute^ at both ends, 2-4 cm. long; 'flowers 
corymbose, conspicuously leaf-bracted; pedicels glabrous; hypan- 
thium' glabrous, globose, contracted above,’ in fruit about i' cm. 
broad; sepals lanceolate, ' caudate-acuminate, about T5' mm. long, 
glabrous o'n the back, toni'entose within^ and on the margins, emct 
and persistent in fruit; petals 'pink, 'about 1$ mm. long; .styles 
distinct, 'persistent, not' exserted. ■ '' k'''’''' 
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This species is related to R. pisocarpa and R. uUramoniana, but 
differs from both in the large, thin, broadly oval leaflets and the 
few slender prickles. It is almost unarmed except on the new 
shoots. From R. pisocarpa it also differs in the non-glandular 
sepals. 

Nevada: Gold Creek, July 25, 1912, Nelson & Machride 2113 
(type, in the herbaiium of the New York Botanical Garden), also 
2113; McDonalds Creek, 2156; Owyhee River, 2ig6; Big Creek, 
Lander County, Kennedy 4106, 4544; Martin Creek, 1913, 449^ i 
Star Canyon, southeast of Death, Heller 10570. 

21. Rosa udtramontana (S. Wats.) Heller, Muhlenbergia i: 107. 

1904 

This was first described as R. caUfornica uUramontana S. Wats.,* 
but is not at all related to that species. It is closely related to 
R. pisocarpa and distinguished from that mainly by the sepals 
which are not at all glandular. It belongs to the Great Basin, is 
rather common in Nevada as well as Idaho and eastern Oregon, 
but not so common in California. The following specimens have 
been seen. 

California: Little Grizzly Creek below Genessee, Plumas 
County, 1907, Heller &f Kennedy; Hornbrook, 1909, Rushy; Lake 
Tahoe, 1909, Dudley; Hot Springs, Sierra Valley, 1909, Dudley; 
El Dorado County, 1900, Dudley. 

22. Rosa gratissima Greene, FI. Franc. 73. 1891 

To this belong the following specimens: 

California: Griffins, Elmer 3732; South Foidc of Kings River, 
.1899, Eastwood; Bear Valley, Ahrams 2821; Water Canon, 
Abrams Sf MacGregor 482; Sky Valley, Culbertson 4873; Long Pine, 
1897, M. E. Jones; Bear Valley, Hall 1324 (?); Colby, Mrs. 
Austin (?) ; South Fork of Santa Anna, Grinnell 232; San Bernardino 
Mountains, Parish 3274; North Fork of Kern' River, F. Bailey 
1720; Big Arroya, Soda Springs Trail, Tulare County, Dudley 
^307 i Glenbrook, near Lake Tahoe, 1906, Dudley; Lockwood 
Creek, Mount Pinos Region, Dudley & Lamb 4634. 

Calif, x; 187* 1876. 
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23» Rosa Bolanderi Greene, Leaflets 2: 261. 1912 

This species is related to the R, Covillei of Oregon, but the 
leaflets are thinner, glandular, double- toothed and decidedly 
glandular-pruinose beneath. Crepin determined the type as i?. 
gymnocarpa with the remark that the sepals were persistent. Dr. 
Greene also classified it in the Gymnocarpae^ but it evidently does 
not belong there. 

California: Oakland, Bolander. 

24. Rosa Pringlei Rydberg, sp. nov. 

Stem dark gray, i m. high or more, terete, slender, sparingly 
armed with small straight infrastipular prickles, 3-5 mm. long, or 
wholly unarmed; branches 1-3 dm. long, usually unarmed ; stipules 
adnate, rather narrow, i cm. long or less, densely and finely puber- 
ulent on the back; the free portions lanceolate, ascending, spread- 
ing, slightly glandular-ciliate; petiole and rachis densely puberu- 
lent, not at all glandular ; leaflets five or seven, elliptic, 2-3 cm. long, 
acutish at both ends, rather firm, finely puberulent on both sides, 
densely so, almost velvety, and paler beneath; flowers corymbose, 
two to five together; pedicels 1-2 cm. long, glabrous; hypanthiuni 
ellipsoid, acute at the base, above produced into a distinct neck, 
glabrous, in fruit 9-10 mm. thick, 12-14 mm. long, dark-purple; 
sepals lanceolate, caudate-attenuate, 12-15 mm. long, finely 
puberulent, in fruit erect and persistent; achenes inserted both in 
the bottom and on the insides of the hypanthiuni. 

This is related to i?. pisocarpa^ R. uUramontana and i?. Macounii. 
The leaves are dark green above, finely toothed with rather blunt 
teeth and the hypanthium is decidedly ellipsoid, with a neck. 
The plant is almost unarmed. The type in the Columbia Uni- 
versity herbarium has no prickles, but the same number in the 
United States National Herbarium has a single straight prickle 
about 5 mm. long. This was determined as R, pisocarpa by 
Cr6pm. Suksdorf^s specimen is unarmed and Sheldon has only 
a few prickles^- 

California: Siskiyou County, 1882, Pringle (type, in the her- 
barium, "Columbia University); 1910, G. D. Butler IJ52; Vicinity, 
of Rawhide, 1905, 25, in part; near Stirling, 

Pleller ioSdi, 

' 'Washington: Klickitat County, tSSs, Suksdorp 

Oregon: Wallowa River, 1897, Sheldon 868 ^(?). , 
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25. Rosa Copelandii Greene, sp. no-\-\ 

Stem dark purple, terete, shining, sparingly armed with straight 
infrastipular prickles, which are about 5 mm. long, rather stout 
and somewhat flattened below; floral branches i“2 dm. long, 
purple, more or less armed; stipules 1-2 cm. long, adnate, gla- 
brous, more or less dilated, thin, often tinged with purple; free 
portion semi-lunate, acuminate; petiole and rachis glabrous, often 
slightly prickly, purplish; leaflets five or seven, oval or elliptic, 
thill, perfectly glabrous on both sides, finely serrate, 1-3 cm. long; 
flowers corymbose; pedicels glabrous, short, 1-1.5 cm. long; hypan- 
thiiim glabrous, urn-shaped, rounded at the base, prolonged above 
into a distinct neck, in fruit 9-10 mm. thick, I0“i2 mm. long; 
sepals lanceolate, about 15 mm, long, caudate-attenuate, glabrous 
on the back, tomentose on the margins, in fruit erect and persist- 
ent; achenes inserted in and near the bottom of the hypan- 
thium. 

Dr. Greene recognized this species, but for some reason did 
not publish it. It is characterized by its ovoid urn-shaped hypan- 
thium, with a conspicuous neck, and glabrous leaves. 

California; Mt. Eddy, Siskiyou County, September 8, 1903, 
Copeland [Baker's distribution number] 3875. 

26. Rosa pilifera Rydberg, sp. nov. 

Stem I m. high or more, at first yellowish, in age dark gray, 
terete, armed with straight infrastipular and scattered prickles 
3-5 mm. long, somewhat flattened below; floral branches i-“3 dm. 
long, usually sparingly armed; stipules adnate, the lower narrow, 
the upper dilated, 1-1.5 cm. long, pilose and' glandular on the back, 
glandular-ciliolate on the margins; free portion linear-lanceolate 
to ovate, ascending; petiole and rachis pilose, glandular and some- 
times with a few weak prickles; leaflets five to seven, thin, oval, 
2-3,5 cm. long, sparingly pilose above, more densely so, and some- 
what glanclular-pruinose beneath, usually more or less doublc- 
toothc'd and the teeth often gland-tipped; flowers corymbose; ped-' 
icels 1-3 cm. long, more or less pilose;,^ hypan thium ellipsoid, with 
a neck, pilose at least when young, in fruit '8-10 mm. 'thick, 
12-15 mm. long; 'Sepals lanceolate, caudate-attenuate, 1.5 cm. 
long,, more or less pilose, in fruit erect; petals about 1.5 cm. long; 
styles distinct, persistent, not exserted.' 

This species has the leaflets of i?. AUersonii, i. e., double-toothetk, 
and glandular beneath; but they are thinner, the prickles are, 
slender, straight,' or rarely slightly curved, and the young, hypan-' 
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thiiim at least is covered with fine soft hairs. The following 
belong here: 

California : San Francisco, Dr. Bolander (type, in the herbarium 
of Columbia University) ; Berkeley, Btirt Davy 854; Pine Grove, 
Amado County, George Hanson 7310; no locality, Kellogg Harford 
22 $ in part; Sierra National Forest, 1912, Ahrams 4Q6g, 

27. Rosa granulata Greene, Leaflets 2: 262. 1912 

This is closely related to R. spithamaea, but differs in the more 
glandular leaves and narrow teeth. Perhaps not specifically 
distinct. It is known only from the type collection at San Luis 
Obispo. 

28. Rosa spithamaea S. Wats. Bot. Calif. 2: 444. 1880 

This is a rather local species characterized by its almost her- 
baceous stems, slender prickles and bristly receptacle. 

California: Trinity River, between Hyampore and Hooper, 
1878-1883, Rattan; Trinity Mountains, MarshaU; Lake County, 
1902, IJe/Zer; “California,” Torrey, 

Oregon : Wimmer, Hammond 120. 

29. Rosa sonomensis Greene, FL Franc. 72. 1897 

This is related to R. spithamaea, but differs from the other 
Californian species with prickly fruit in the firm glaucous leaves,^ 
the densely prickly stem, and the short sepals. 

California: Petrified Forest, Sonoma County, 1883, Greene; 
Mount Tamalpais, F. Bailey 531; 1885, Rattan; Converse Basin, 
Fresno County, 1904, Dudley, 

III. MINUTIFOLIAE. This group is represented by the 
following species and by two species in New Mexico. 

30. Rosa minxjtifolia Engelm. in Parry, Bull. Torrey Club 9: 97. 

■ 1882 

This species is a native of Lower California and may be ex- 
, pected in' Sarr'Diego County,, '.’California. 
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Lower California; Todo Santos Bay, Parry, Pringle, Orcutt; 
Ensenada, if. E. Jones jdg^, Anthony i8g; San Quentin Bay, 
Palmer 6 ig. 

IV. GYMNOCARPAE. This is a little group of species al! 
confined to the North American Pacific coast. 

31. Rosa gymnocarpa Nutt.; Torrey & Gray, FI. N. Am. i: 

461. 1840 

Until recently only one species, Rosa gymnocarpa Nutt., and 
one variety, var. pubescens S. Wats., have been admitted to this 
group. R. gymnocarpa ranges from British Columbia to Montana, 
Idaho and California. Dr. Greene in one paper'"^ described not 
less than twelve species which he regarded as belonging to this 
group and seven more related to it but '‘not at all gymnocarpous.^’ 
It is impossible for me to follow him in his segregation of Rosa 
gymnocarpa, and several of his "gymnocarpous'’ species do not 
belong to the group at all. 

The Greenian species really belonging to the Gymnocarpae are 
the following: R, glaucidermis, R. crenulata, R. prionata, R. pisca^ 
toria, R, abieiorum, R. amplifoUa, R. leucopsis, R. Helleri, R, apic%i- 
lata, and i?, dasypoda. Of these the only clearly distinct spe- 
cies is R. crenulata, which, however, has an older name, J?. 
Bridgesii Cr6pin. Of the others I have retained as tentative species 
i?. prionata, R. leucopsis and R, dasypoda, but none of these are 
too good as species. They are fairly good varieties, but the rest 
are hardly worth naming even as forms. As most of them belong 
to the Columbia Valley region, I shall discuss them further in a 
subsequent paper and only mention those found in California. 

32. Rosa PRiONOTA Greene, Leaflets 2: 256. 1912 

The species is distinguished from R. gymnocarpa by the 
small and often more numerous ^(seven to nine instead of five 
to seven) leaflets with narrower and sharper teeth. The terminal 
leaflet is usually cuiieate at the base instead of rounded. The 
fruit is described as globose. Both in this species and in R. 
gymnocarpa the immature hypanthium is' ellipsoid, If ; only one ' 


^ Leaflets 2 ; 254“ j 26 i ,. 1912. 
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to three achenes are developed, it remains so even at maturity^ 
but if more achenes develop the fruit becomes pear-shaped or 
globose. The form of the fruit is, therefore, no specific character. 
R, apiculata Greene and R. piscaioria are forms of this species. 
The former will be discussed in a subsequent paper. The latter 
represents a strong more bristly form of R. prionota. 

Rosa prionota is more common in California than the typical 
R. gymnocarpa. 


33. Rosa dasypoda Greene, Leaflets 2: 260. 1912 

This is perhaps a good species. I had segregated out the same 
as such, although I had assigned as the type a Californian specimen 
which shows the characters better than Dr. Greene’s type. The 
flowers are nearly always corymbose, i. e., two to four together and 
leafy-bracted, the leaflets thicker and not with semi-pellucid veins, 
the teeth broader and more rounded, and the fruit is larger, 6 *8 
mm. instead of 4-6 mm. in diameter. 

It ranges from British Columbia to northern California, where 
it is represented by the following specimens: 

California: Siskiyou County, Copeland [Baker’s distribution 
number] 3874, 


34. Rosa Bridgesii Cr^pin, Bull. Soc. Bot. Belg. 15: 54. 1876 


This is a good species and is the same as R, gymnocarpa pubes- 
cens S. Wats.^ and R, crenulata Greene. f Cr^pin gave this species 
a short description, but later, after seeing Watson’s treatment of 
the same, retracted and reduced it to a variety. T was a little 
doubtful whether the name R. Bridgesii belonged to this species 
or to R, sonomensis or to some related species, but Miss Eastwood, 
who has seen the type of R. Bridgesii^ has told me that it is the 
same as R. gymnocarpa pubescens S. Wats. The following speci- 
mens have been seen from California; 

California: Bridges 95; Pine Ridge, Fresno County, Chandler 
171; Baker 5500; Silver Mountain Pass, Brewer iQiSi Havelock, 
Kern County, Grinnell 217; Tuolumne Big Trees, Abramsi 
4701/' Shut^ Eye; Pass,, 1912 ^;4P25;';Yoseniite Park,', 1915;, 


^ Bot Calif. ,1:' ts:7. ^ , I,S76. 
t Leafletg'2:'.a;S^5V;, /, 19x2..', '' '' 
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There are, in the collections examined, a few specimens from 
Nevada and the Klamath region of California wdiich can not be 
referred to any of the species treated above. Some of these may 
be referred to K Macouniij but the localities are out of the known 
range of that species. The rest may belong to two or three ap- 
parently iiiidescribed species from the Columbia Valley and the 
Great Basin, but the limitations of these species are still unsettled. 

New York Botanical Garden 



On the cause of alternate bearing in the apple 

O. Butler 

(with plates 1-3 AND A TEXT FIGURE) 

I 

The production of a heavy crop of fruit every other year, or 
alternate bearing, is a well-marked phenomenon in the apple and 
pear, and is not unknown in certain plums and cherries. Alternate 
bearing in the apple, however, has been more particularly recorded 
by American horticultural writers, who have proposed a variety 
of ways of obviating this vexatious propensity. 

Thacher’^ remarks that trees that are allowed to stand unpruned 
bear only every other or third year, and his remedy for irregular 
bearing is the knife. 

Downingt states that the apple bears in alternate 37'ears, but 
that when the fruit is thinned a tree will bear every year it 
will also if the soil is kept in high condition/^ 

ColeJ observed that apple trees are inclined to bear in the 
even numbered years (1846, ^48, ’50) and lightly in the odd years 
(1845, '47, '49) and expresses the view that removing the blossoms 
will change the bearing year. 

Fitz§ recognizes alternation of bearing in the apple and states 
that the most profitable way to obtain annual crops is by proper 
tillage and proper fertilization. 

Thomasf believes that thinning the fruit while the applies 
are small will induce regular bearing and that picking off all the 
fruit in the fruitful year will change the year of crop abundance* 

Maynard^f states that in most apple orchards large crops of 

Thaciier, J. The American Orchardist, Ed. '2, 69. Plymouth, Mass. 1825. 

fBowning, A. J. The fruits and fruit trees of America, 61. New York and 
London. ^ 1845. ' ' ' '' "/■ 

$ Cole, S. W. The American fruit book, 87. Boston. 1850. 

§ Fitz, James. The southern ai>ple and peach culturist, ixS, Richmond. 1872. 

' jl Thomas, J. J. : The American' fruit culturist, Ed* 243.'; ' ,riew' 

' f Maynard, ’; S, T» ; Successful fruit culture, 44. Ne^w York. 1905* 
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fruit are only produced biennial!}" and that in the northern fruit 
sections the productive year has become more or less fixed on the 
even 3"ear. Alternation of bearing may be brought about by 
overprodiictiveiiess resulting in an exhaustion of the tree wliicli 
then requires one or more years to develop flower buds again, or 
it may be due to climatic agencies. 

According to Maynard the bearing year may be changed: 1st, 
by removing part or all the fruit; 2d, by manuring the orchard 
during the productive year with bonemeal and potash, or bonemeal 
and wood ashes, or by using nitrate of soda or stable manure in 
the unproductive year; 3d, by seeding the orchard to grass during 
the bearing year; qtli, by ploughing the land in the unfruitful year 
and cultivating during the productive year; 5th, by canker worms 
or vernal frosts destroying the blossoms. 

Powell* observes that the alternate bearing habit once acquired 
will in all probability be kept up indefinitely. Alternate bearing 
is bi'ought about by unfavorable climaticai conditions, such as 
hibernal cold or damp weather at blossoming time. 

Waugh t notes that alternate bearing is particularly marked 
in the Baldwin apple and believes that more regular productiveness 
could be obtained by thinning the fruit. 

What is the cause of biennial bearing in the apple and what is 
the raison d'Ure of the rriethods proposed to equalize fruitfulness? 

II 

The biennial bearing of apple trees was credited to its proper 
cause by Jules Courtois in a lecture before the Horticultural 
Society of Seine-et-Oise. HardyJ quotes at length from the 
report of this lecture, and from this quotation I translate the 
following passages bearing on the question of the alternation of 
bearing in the apple: 

Again one often sees in pear and apple trees flower buds forming like bouquets 
de mm% of the stone fruits the second year and expanding the third. 

There Is even a kind of an eyel|, the eyes of the purse {bourse), of which this is 

* Powell, E. P. The orchard and fruit garden, 14, New York. 1905. 

tWaugh, F. A. The American apple orchard. New York. 1912. 

$ Hardy,' J.-A. & A.-F* ,Trait€ de la tmlle des arbres fmitiers, Ed. 12,, 123.,, 
Paris. 

§ Floral development oh a spur, /am 

jj In horticultural literature an **eye” is a 'bud 'that will produce a leaf y axis, 
; and. a ** bud,'*' or *'fruit-bud/Ms:a 'bud that will produce a floral axis. , 
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practically the normal mode of development. Developing at the same time as the 
flowers at the base of the floral axis or purse, these eyes become ordinarily during 
the same season, buds crowned by three or four leaves, unless an exuberance of sap 
foi*ces them to grow into leafy shoots. During the second year the^?- develop into 
buds crowned by six to eight leaves, or floral buds and develop into flower clusters 
the third. It is due to the fact that the purse eyes require tw*o years to form flowers 
that we have alternation of floriferousness in the orchard-grown pome fruits when 
they are in full bearing and consequently growing moderately. The first year of 
the development of the purse eyes coincides with the bearing year. 

The infertile year which follows is the second year of the existence of the 
purse eyes which develop that year into flower buds. These latter opening the 
following year give rise to another floriferous year and so on for succeeding years. 

A study of the method of flowering of the apple will show that 
Courtois’s explanation was sound and that it satisfactorily explains 
biennial bearing. 

In our fruit trees we may distinguish two classes of branches: 

1, Branches of the first order, or structural branches; 2. Branches 
of the second order, or fruit branches. 

A structural branch in its first year of growth is called a leader. 

Fruit branches, on the other hand, are of several kinds. In 
the case of the apple we can distinguish: (i) The fruit branch 
(rameau a fruit ) ; (2) The sprig (brindille) ; (3) The dart (dard ) ; 
(4) The spur* (lambourde). 

A fruit branch is a leader in which the terminal and axillary 
buds in the upper two thirds or thereabouts of its length become 
flower buds during the season of its development (Plates i, fig. 

2, and 2). The flower buds borne laterally on the leader have 
been described as formed axillarly by D’Albretf and by Gourley,t 
though they are in reality borne terminally on almost sessile spurs 
Qambourdes) * A close study during the first season of the buds 
from which the supposed axillary clusters arise will show that at 
the close of vegetation the buds are subtended by a rosette of 
leaves and are not in the axil of a single leaf. The buds are, there- 
fore, terminal on sessile spurs and not axillary, as by definition 
an axillary bud is a bud borne in the axil of a leaf. Forney is also 
of this opinion for he states that ‘rit often happens that the eyes 

= 5 ' The dard and lambourde, which T have distinguished from, one another, are 
called' indiscriminately spurs in the Anglo-Saxon horticultural literature. 

't D'Albret. La, taille'des atbres fruitiers, Ld. 4,, ,7.'', , Parts; 1842, 

t Gourley, J. H. Studies in fruit bud formation. New Hampshire Agr. Exp. 
$ta. Tech.;Bulh Pt 17.:;; I'piSf ■ y ,/ ,,, ' 
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of this season’s leader become transformed at once into spurs, 
and flower perfectly the following year/’"^* In the apple the 
development of flower buds on fruit branches is not commonly 
met with (see Table I) and is said to occur only in very fertile 
trees, or trees weakened by transplantation or soil exhaustion* 

The sprig (brindiUe) is a shoot about a foot or so in length which 
develops from two-year-old w-ood, from dormant eyes in older wood, 
or even from purse eyes. The sprig produces not Infrequently a 
terminal flower-bud the year of its formation, thus behaving in a 
very similar manner to a leader that has become a fruit branch. 
In the apple the sprig is not an uncommon form of a fruit branch/!* 

The dart (dard) is a short, stout branch possessing smooth 
bark and growing out from the supporting branch at about a right 
angle, in its most typical form, that is, when derived from a spine. 
In its atypical form (Plate 3, fig. i), the only one met with in 
the apple, it is simply a very short spine-like branch with smooth 
bark. The dart may also develop from a purse and it is usually 
considered that the health and vigor of a spur depends on its 
having been derived from a dart or to the development of a dart 
or darts at some subsequent time (Plate i, fig. i). In very fertile 
varieties of the apple the dart may produce a terminal flower-bud 
the year of its formation.J Usually, however, it only flowers the 
third year. When the dart forms a flower bud the first season of 
its growth the floral bud will be found nestling in a rosette of 
leaves, the apex of the dart having become immediately trans- 
formed into a spur {lamboiirde) . But if the floral bud is to form 
at the end of the second season then the apical bud will behave 
ill the manner characteristic of the apical buds of a spur at the 
close of the first year’s vegetation, that is it will be subtended by 
a rosette of three or four leaves. 

The spur {lambourde) (Plate 3, fig. 2), is a short, thick, 
brittle branch with much wrinkled bark and breaking readily 
with a smooth fracture. The crests of the wrinkles are nodal 
points, the troughs internodal points. The axillary buds are very 
inconspicuous arid usually remain dormant though they can be 

* Forney, E/ Taille des arbres fruitiers, Ed. 2, 1: 258. Pari$, 'I907. , 

/ t Barry, P. ' Theirnitgarden/ii. , New York. 1851; Forney, cit i: 254. 

$'Benie,A. ' Manuel d’arboriculture fruitidre, 69. , Grenoble, .TSpS; '!>«' Mor- 
nilet, M.,F, Les'meinemrs fruits 'SI" 376^. .Montpellier.- 1868,'.,:/', 
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made to develop by appropriate means. The spur usually de- 
velops from.' a bud formed during the previous year^ that is from 
two-year-old wood, v and requires two seasons’ growth to form a 
flower bud. At the end of the first year the apical bud will be 
surrounded by a rosette of three to four leaves, and at the end of 
the second by a rosette of six to eight leaves, and will have become 
a floral bud, though spurs may develop on a purse that are fertile 
the year of their formation behaving in this respect like the spurs 
of a fruit branch. A spur may live for a number of years becom- 
ing with age more or less branched, depending on the degree to 
which the eyes of the floral axes, or purses develop (Plate i, 
FIG. i). 

Besides the methods of flower-bud formation already described 
one other method deserves to be described. In orchards where 
second growth occurs it is not Infrequently observed that the 
terminal buds become flower buds immediately/'*' It should, how- 
ever, be noted that this mode of florification is not exceptional 
in its manner of development. Second growth, except in point 
of origin, is of the nature of a sprig (brindille) and we have seen 
that on this type of fruit-branch apical flower buds form commonly 
the first year of its development. We have seen, furthermore, that 
axillary buds on a leader could develop spurs which bore flowers 
the following season, that spurs could develop on a purse that were 
fruitful the following season; that the apical bud of a leader also 
sometimes developed into a spur which flowered the following 
season. Now it is to be noted that the flower-buds formed in 
the several ways above mentioned have this one point in common: 
they grow on the end of a shoot that develops six to eight sessile 
nodes in a single period of vegetation. In other words an apical 
bud subtended by six to eight sessile nodes will be a flower-bud, 
irrespective of the type of branch upon which it develops. The 
development of the flower-buds is then clearly correlated with 
growth. But this growth must be sessile* in other words extremely 
slow and quick maturing, conditions that can only be supplied by 
a scant but sufficient water supply coupled with conditions favor- 
able for photosynthetic activi'ty* ,, 

Vail Moas, L. B, Arbjr<?a fniitiers i: io8. Loiivain, 183$; Gourley, J, H., 




90 


Butler: Alternate bearing in the apple 


Of the various ways in which flower buds form in the apple, 
we may dismiss as of absolutely no importance from the point of 
view of crop production, flower bud development on second growth, 
and the same may be said of flower bud development on spurs 
from leaders of the same age. The following table will show 
quite clearly that such floral buds produce as a rule but a small 
part of the total bloom, and this despite the fact that the data 
were taken by counting random branches round individual trees 
from the apex of a leader down the branch for a convenient 
distance. 

Table I 

Relative importance of spurs and fruit branches in crop production 


Variety 

i Number of 
; trees ex- 
amined 

Blossom on spurs, 
per cent. 

1 Clusters on fruit branches, 
j per cent. 

Red Astrachan 

' . 2 

100 

! 0 

Early Harvest 

2 

100 

1 ^ 

Bellflower 

; I 

! 87.6 

12.4 

Lyscomb 

I 

1 9942 

0.58 

Rhode Island Greening . . 

I ^ 

i 100 

0 

Fallawater 

I 

90.5 

9-5 

Duchess 

1 

98.2 

1.2 

Wagener 

1 

89.8 * 

10,2 

McIntosh 

I 

94.6 

54 

Wealthy 

2 

< 32 . 3-95 ! 

37 - 7 - 5.0 

Baldwin 

15 

100-89,4 (mean 99.09)! 

0.0-10.6 (mean 0.91 ) 

Peck's Pleasant 

2 

98.75-97.9 1 

1,25-2.1 

Transcendant Crab 

t 

80.6 i 

T9.4 


On apple trees of bearing age the leaders may develop apical 
flower buds during the first year. But this mode of bearing does 
not play a material part in the total yield of a tree. The crop of 
apples, at least in years when the yield is good, is produced by 
the spurs. Let us study, therefore, the behavior of the spurs 
following their iirst productive year. 

We have seen that a spur usually develops from an axillary 
bud on two-year-old wood and forms an apical bud subtended by 
a rosette of three to four leaves, which develops next year into a 
very short growth bearing a bud subtended by a rosette of six to 
eight leaves, and experience has shown that such a bud is invariably 
a flower bud, whereas the apical bud with a rosette of three to four 
leaves is only potentially floriferous. The flower bud of the apple 
is a mixed bud, and to 'this fact we owe certain peculiarities in 
the growth of spurs to which attention must now be called. 
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After the flowers have been pollinated and the fruit has set the 
lower and leafy portion of the floral axis becomes considerably 
thickened and pursey (Plate i , fig. i ) , hence the name bourse given 
to it by the French and which Dr. Black"^ has very appropriately 
anglicized purse. On this purse one or two axillary buds either 
become spurs, darts or sprigs, or if placed terminally on a leader 
may and usually do develop a shoot. The spurs form during the 
current year and either flower the following spring, or, and 
customarily only do, develop a flower-bud during the second season 
and bloom in the third, but, should the purse eyes remain dormant 
the year of their formation then the spurs would not bloom until 
the fourth year; the darts, w^hich develop readily on purses (see 
Plate i, fig. i) and sprigs floiver in the usual way. 

Owing to the fact that with few exceptions, spurs only flower 
on alternate years it must follow that after an apple tree begins to 
form new growth slowly and bear heavily, a light crop must 
necessarily follow a heavy crop, for, when the flowering of the 
spurs synchronizes to such an extent as to give a large yield, the 
same spurs are not in a position to bear again until the next suc- 
ceeding year. Alternate bearing in mature apple trees is, there- 
fore, a natural phenomenon and one that could be predicated 
from the mode of flowering of the tree. 

in 

Alternate bearing of the apple has been ascribed very generally 
to exhaustion following the productive year, but this opinion 
appears to be without foundation, for it is commonly observed 
that an apple grows well following a productive year which would 
not possibly be the case were the tree exhausted. Again if the 
tree were exhausted when it bore heavily it is to be presumed that 
the spurs would require a longer time to produce flowers than 
they do when production is light, for a spur weakened from any 
cause is not a fruitful spur any more than is one that develops with 
too much vigor. Nor is there any particular justification in 
Gourley's viewf that there is a relation between the amount of 
starch, stored and ^ flower bud development.; Flower 

^ Biack, G. A.; The nature of the inflorescence and fruit of FymsMalus, Mem. 
New York Bot. Gard.'d:'' $:2r. igid. 

t Gourley, J. 
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developed on one-year-old wood by defoliation, cutting ’back,* or 
cutting into the wood above the eyes as is done when lifting a bud.f 
These several methods, dissimilar as they may appear, all 
cause increase in sap pressure and not an increase in stored starch, 
behind the buds which thereupon grow into short spurs with apical 
flower buds. The difference in starch content between fruitful 
spurs and barren spurs is an effect of the mode of vegetation, not 
the cause of it. An inspection of fruit spurs will show that those 
bearing flower buds have more leaves per unit length than those 
bearing leaf buds and consequently should contain more starch. 

But if the theory that alternate bearing is due to exhaustion 
has little or no foundation, the remedies that have been proposed 
to overcome the debilitating effect of fruitfulness are not for the 
most part without value. 

According to Beach “systematic thinning of fruit combined 
with skillful care in other directions, may materially strengthen 
the tendency of the tree to bear annually a statement which 
can not be considered a strong endorsement of the value of thinning 
for the purpose of equalizing crop production; and effectively a 
year later we find the same author concluding as a result of 
experiments on thinning carried out for several successive years 
that “thinning the fruit did not appear to cause any material 
change in either the amount or regularity of fruit production,^’! 
a view that must be considered substantially correct as we shall see. 

Thinning the fruit can not be expected to effectively regularize 
bearing for the reason that this operation can have but the 
following effects upon the tree: 

1st, Thinned trees produce ceteris paribus more new growth than 
non- thinned trees; 2d, The sap drawn into the spurs to main- 
tain the fruit, is diverted after thinning into the eyes of the purse 
which develop more fully than they otherwise would have done. 

The increased growth produced by thinning will, in the normal 
course of events, flower only in the third year after the thinning was 
effected, in other words, the growth produced as a result of thinning 
will become productive a year later than the spurs that were 

, *''yan Tieghem, Ph. Traite de botanique, Ed. 2, 1: 961. Paris. 1892. 
t Baron; Philibert. Nouveaux prindpes de taille des arbres fruitiers, '1858.'' 
t Bd-ach, S. A. The thinning of fruit. California fruit grower 27: 4, ;x902. ' 

' § Bflach, S. A. Thinning apples. New York Agr. Bxpt. 'Sta^ Bull." 239;, ipSi 

■ , A ' ' ^ , y' : vT'". ’V" 
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fruitful during its first year of growth and consequently a certain 
regulatory effect will be produced, the magnitude of which can 
be estimated in advance by the number of spurs formed. 

As regards the effect of thinning on the fructification of the 
spurs it should be noted that the purse eyes normally only bloom 
the third year, though they may, as Goff has pointed out,"^ bloom 
the second season, but such behavior is exceptional and there is 
no evidence at present that thinning advances the time of blooming 
of the purse eyes. 

The value of thinning in regularizing bearing must be small, 
though there can be little doubt but that it is an adjuvant. 

Various cultural operations and methods of fertilization have, 
as would be expected, quite marked results on the regularity of 
bearing of apple trees. This is, of course, not surprising. Cul- 
tural methods affect markedly the vigor, and productivity of 
plants and it is easy to understand that in any given soil and 
situation the optimum would be obtained by some one method 
of treatment rather than another. The data presented in the 
following table is in this respect instructive. 

Table II 


Effect of Cultural Methods on Productivity and Regularity of Bearing 
OF Northern Spy and Baldwin AppLEsf 


Cultural method 
employed 

Mean 

yield 

1907 

1908 

1909 

1910 ■ 

1911 

1912 


19x4 

19x5 

Tillage ' and cover- 



Bii. 

Bu. 

Bu. 

Bu. 

Bu. 

Bu. 

Bu. 

Bu. 

Bu. 

Bu. 

crop 

Tillage, cover crop 

364 

-341 

+103 

-169 

+1.-11 

“I62 

+117 

+161 

+148 

+ 2 

and stable manure. 
Tillage, cover-crop 
and chemical 

381.5 

-264.5 

-236.5 

-I-111.5 

“ 165.5 

+230-5 

"I93.S 

+272.5 

+364.5 

1 ' ; 

1 

-118.5 

manure 

420 

-291 

1 -298 

-1-219 

-302 

+IS 3 

-259 * 

+407 

+ 180 

+191 

Sod-miilch 

Sod-mulch and stable 

327.2 

-298.2 

j -106.2 

1 

-112.2 

+ 63.8 

- 81.2 

+111.8 

+199.8 

+110.8 

■+iii,S 

manure. 

Sod-mukh'and chem- 

470.7 

-386.7 

1 -253.7 

4- 22.3 

+ 55.3 

+150.3 

“ 57-7 

+282.3 

+242.3 

- 51, .7, 

■ ical manure. r.,. 

417.5 

,-" 379.5 

! -218.5 

- 8 ., 5 

+142.5 

- 47.5*- ,1.5 ’+275.5 

+121.S 

+116.S 


* GoE, E. S, Investigation of flowet buds. Wisconsin Agr. Exp. Report 17: 
2S3. '1900. , ' ' ' ' 

t After data by Stowart, J, P. Cultural methods in bearing orchards. Penn- 
sylvania Agr.' E|p.,Sta. -Bull. 141: 'aj.' ‘ , ' 

I In 1913 the Baldwin ^ridusly: and irregularly affected by frost and the 

yield for tho'; Northern Spy oMy is ' m - - ' '.''bV;;' '' 



94 


Butler: Alternate bearing in the apple 


The data in the above table show that in the trees under 
tillage alternate bearing is more pronounced than in the trees 
under sod-niulch; and that fertilization emphasized alternate 
bearing whether the trees were in sod-mulch or under cultivation. 
The trees grown in sod-mulch without fertilization bore more 
uniformly than under any of the other cultural methods used? 
which signifies that in the trees so treated there was a more 
uniform yearly production of spurs than in the others, which in 
other words means that the yearly growth of the trees must also 
have been more uniform. 

An example will make the above statement clear. Let us 
assume that we have an apple tree in full bearing and that we 
have six consecutive years of bearing wood already formed. Let 
us say that the youngest growth developed in 1916, then the oldest 
was produced in 1908. Now if the yearly growth has been equal 
throughout, the number of spurs formed will have been equal and 
the crops produced identical (Text fig. i). 



Fig. I. Diagrammatic drawing showing method of fruiting of the apple. 

# Bearing year; the numbers subjoined in the figure indicate year of fruit- 
fulness. 

One year's growth. 

> ~ Two years' growth. ' 

Now let us suppose that the yearly growth was unequal, then 
the number of spurs formed will have been unequal and produc- 
tiveness will have exhibited corresponding fluctuations. 

There is, therefore, a direct relation between growth and 
productiveness. In order to produce annual bearing in the apple, 
and this is a sine qua non, one must cause the development of 
flower-buds to take place in about equal numbers every year. 
In other words, the bearing surface of an apple tree after It has 
reached maturity should not be allowed to change, which means 
that the new growth should be rfegular and always suffleient to 
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compensate for the decrease in fertility and death of the spurs 
on the older bearing wood. Pruning may be considered as the 
most potent means of regularizing bearing, in fact the only really 
effective means of accomplishing this object, as Columella^ 
pointed out long ago. By pruning one can maintain the proper 
balance between vegetative vigor and I'eproductive vigor. By 
judicious pruning spurs can be made to develop in proper number 
so as to fully garnish the two-year-old wood and even to form on 
the current season's growth.f Again the spurs themselves can 
be rendered more productive by judicious pruning. J 

In conclusion I would lay down the following axiom: To obtain 
regular fruitfulness in apple trees of bearing age the yearly de- 
partures from the mean growth must be small. 

Agricultural Experiment Station, 

Durham, New Hampshire 

^ Columella, L. J. M. De rei rustica. V'enice. 1523. 
t Van Tieghem, Ph. loc. cit. Baron, loc. ciL 
I Hardy, loc* cit. Forney, loc. ciL ^ 
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nescrijsttoii of ®&iates J .-3 

Plate r 

Fig. 1. An old spur showing mode of growth and component parts: — spur8» 
purses and darts. 

Fig, 2. A fruit branch taken from a Transcendant Crab showing lateral inflores- 
cences on sessile spurs. 

Plate 2 

A fruit branch taken from a Wealthy apple, showing the lateral inflorescences 
borne on very feebly developed spurs. 

Plate 3 

Fig. I. A dart in flower. 

Fig. 2. A spur in flower. 



Meadow vegetation in the montane region of northern Colorado 
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E. L. Reed 

(with one text figure) 

The meadows here considered are chiefly those of a mountain 
park, Boulder Park, at Tolland, in the montane region of 
northern Colorado, at an altitude of 2,710 m. Reference is also 
made to some meadows at lower altitudes, likewise to some of the 
subalpine region. 

Boulder Park (Fig. i) is a small treeless valley about 3.2 km. 
long by 1.2 km. wide, surrounded by hills covered with forests of 


Fig. I. View of Boulder Park (Tolland, Colorado) looking west to the Con- 
tinental Divide. Meadow vegetation is developed along the Creek, around the 
ponds and on certain hillsides, especially above the lake at the right of the picture. 
Photograph by Dr. G, S. Dodds. 


conifers and aspens. South Boulder Creek flows in a winding 
course through the length of the park. The floor of the park is 
covered with glacial drift in the form of morainic knolls and sinks 
and flat terraces form^ by a rearrangement of the glacial deposits 
through the action of running water. Drift material is also present 


98 Reed: Meadow vegetation in northern Colorado 

on the lower parts of the surrounding hills. The vegetation of 
the park forms itself naturally into the following* communities: 
sedge moor, willow scrub, meadow, and dry grassland (see Rama- 
ley, i). The mesopliytic portion of the grassland, which is char- 
acterized by meadow grasses, sedges, and flowering herbs closely 
set so as to expose very little bare ground, is here termed meadow* 
It is wdth the meadow vegetation primarily that the present paper is 
concerned. The meadow association occurs along streams and 
around ponds, lying just above the wallow scrub. It is bordered in 
turn by dry grassland or else by coniferous forest. The width of the 
meadow zone along streams is i-io m. or more, but there are hill- 
side meadow^s also, one in particular being about 300 X 600 m. in 
extent. 

Environmental factors 

The high altitude of Boulder Park and its proximity to the 
snow-covered peaks of the Continental Divide give it a severe 
climate. There is considerable snow in winter and frequent 
showers occur in spring and summer. The annual rainfall is 
thought to be about twenty-eight inches and the mean annual 
temperature 40® F. with a mean for July of about 58° F. The 
maximum temperature known for July is 82 F., and the minimum» 
32° F. Scarcely a week passes without frost, while ice is formed 
frequently in July and August (see Ramaley, 2). 

The soil of the meadows Is a loose sandy loam two to ten 
decimeters thick. The subsoil is composed of coarse gravel. 
Determinations '‘of soil moisture and temperature were made each 
season. The results areahown in Tables I and IL 

TABLE I 

Soil temperatures at a eei^th op 30 cm. 

July, 1915. average of twenty-three readings, 53.6° F. 

July, 1916, average of fifteen readings, 56.4° F. 

TABLE II 

Soil MOISTURE AT, DEPTH OF 30 CM. 

July, 1915, average of fourteen determinations, 16.7 percent. 

July, 1916, average of five determinations, 16.3 per cent. 

By way of comparison it may be stated that the soil tempera- 
ture of the dry grassland societies shows 64° F. for the July average 
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and that the soil moisture shows 4.6-9. i per cent (see Ramaley^ 
etc., I, 2, 3). 


Seasonal aspects 

This study was carried on in 1915 and 1916 during two sessions 
of the University of Colorado Mountain Laboratory, extending 
from the last week in June to the first week in August This 
embraces the summer season only, hence the spring and autumn 
aspects will be omitted. 

Early summer is characterized by a profusion of flowers; 
grasses and sedges also are to be seen but they are not yet in 
bloom. The most conspicuous plants are Thermopsis divaricarpaj 
Pseudocymopterus tenuifolius, Castilleia sulphurea, and Pedicularis 
Parryi. The green of the foliage and yellow of the blossoms give 
the meadows at this time a yellowish green hue. 

Late summer has a great profusion of flowering dicotyledons 
interspersed with grasses. The conspicuous plants in flower are 
Campanula petiolata, Delphinium rohustum^ and three species of 
Potentilla, These give the meadows either a bluish green or a 
yellowish green hue, depending upon whether the Campanula and 
Delphinium or the species of Potentilla predominate. 

Societies 

Owing to the varying conditions of moisture, differences in 
soil texture, and depth to subsoil, various societies may be dis- 
tinguished. The genetic relationship of the several societies has 
not been studied. The following seem fairly well marked and 
with each a few species of the most prominent plants are given: 

1. Pediadaris-Pseudocymopterus Society, — In certain of the 
drier portions of the meadows. Pedicularis Parryi, Pseudocy- 
mopterus tenuifolius^ Turn alpinum^ Sieversia ciliataj Potentilla 
pukkerrima, Carex f estiva^ Festuca ingraia^ Phleum alpinum. 

2. Thermopsis-Castilleia-Campanula Society. — Characteristic of 
drier portions of hillside meadows. Thermopsis dimricarpa^ 
Castilleia sulphurea, Campanula petiolata^ Bistorta bistortoides,^ 
PleUanthella guinguenenms, Calochortus Gunnisonii^ 'AUitm Geyeri^ 
Vakriam furfurascens^ Festucd cqnfinis^ Phlmm\pratense^ SHpa 
'NehoniiCBfomm^^ Porter% Danthonia Parryi. This society has 
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two seasonal aspects: (a) early summer aspect with Thermopsis 
divaricarpa and Castilleia sulphur ea dominant; {b) late summer 
aspect with Campanula petiolata dominant. 

3 . Campantda-Eriogonum Society . — This society is rather 
typical of the drier portions of the meadow especially that border- 
ing on dry grassland. Campanula Parryi^ Eriogonum subalpintim^ 
Galium boreale, Achillea lanulosa, Brigeron macranthus, Artemisia 
' gnaphaloideSj Stipa Nelsonii. 

4. Pentstemon-Agoseris Society . — This society is common in 
glacial sinks where the soil is deep and only moderately wet. A 
few invasions from the surrounding dry grassland are sometimes 
found. Pentstemon procerus, Agoseris glatica, Valeriana furfuras- 
cens, Pedicularis Parryi, Achillea lanulosa, Potentilla ptdcherrima, 
Mertensia Bakeri, Festuca pseudovina, Danthonia intermedia. 

5. Potentilla’- Fragaria Mixed Society . — This society is typical 
of meadows along streams. There are no species that dis- 
tinguish the society, but a number are present in almost equal 
abundance and the plants named are all well represented. Poten- 
tilla pulcherrima, P. Hippiana, Fragaria glauca, Galium boreale, 
Valeriana furfiirascens, Achillea lanulosa, Sieversia ciliata, Pseudo- 
cymopterus tenuifolius, Erigeron eximius, Dasystephana Parryi, 
Tium alpinum, Tlialictrum Fendleri, Trifolium repens, Danthonia 
Parryi, D. intermedia, Koeleria cristata, Festuca rubra, Agrostis 
hiemalis, Stipa Nelsonii. 

6. Dasiphora- Valeriana-Delphinium Society.— A society seen on 
moist gravelly soil well supplied with water. Dasiphora fruticosa, 
Valeriana furfurascens, Delphinium robusPum, Fragaria glauca, 
Erigeron eximius, Galium boreale, Iris missourie 7 tsSis, Caltha lepto- 
sepala, Fedictdaris Parryi, Agoseris glauca, Pentstemon procerus, 
Achillea lanulosa, Tium alpinum, Pseudocymopterus tenuifolius, 
Nieversia ciliata, Campanula petiolata, Aragallus dejiexus, Dasy- 
stephanaParryi, Castilleia sulphur ea, Bistorta bistortoides, Potentilla 
pulcherrima, P. Hippiana, Aragallus Richardsonii, Car ex f estiva, 
Deschampsia caespitosa, Stipa Nelsonii, Festuca Thurberi, Koeleria 
Cfistata. 

7. Deschampsia- Valeriana Society. — A society of fine-grained 
moist soil bordering sedge moors. Deschampsia caespitosa, Valeri- 
ana furfurascens, Thermopsis divaricarpa, Thalictrum Fendkri, 
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Castilleia sulphur ea^ Potentilla pulcherrima, Achillea lamdosa^ 
Iris missouriensisy Dasystephana Parryij Dasiphora fruticosa^ 
Agoseris gla%ica^ Carex f estiva. 


Quadrat determinations 

In addition to a general study of the meadows, two 2 m. quad- 
rats were examined in detail according to the plan developed by 
Professor Ramaley in his study of dry grassland (4). Of course 
such small tracts would not contain all the species in the meadow, 
but they had more than one fourth of all the meadow plants. 
Table III shows the results of this quadrat study. 


table III 


Species in the quadrats with approximate percentage op ground covered 

BY EACH 


Species 

Botrychium Lunaria 

Grasses 

Carex f estiva 

Jtmctis balticus monianus. . . 

CalochOYtus Gimnisonii 

SisyrincMum angusiifoUum . 

Cerastium occidentale 

Delphinium robustum 

Ranunculus cardiophyllus . . . 

Thalictrum Fendleri 

Arahis glatica, 

Micranthes rhomboidea 

Dasiphora fruiicosa 

Fragaria glatica 

Potentilla gracilis 

Potentilla pulcherrima 

Aragallus Richardsonii 

Aragallus deflexus 

Thermopsis divaricarpa 

Tium alpinum 

Pseudocymopterus tenuifoUus 
Dasystephana Parryi 
Chondrophylla FremontU . . . . 

Castilleia sulphur ea 

Pedicularis Parryi 
Pentstemon procerus 

Galium horeale ..... . 

Campanula petiolata - . 
Valeriana furfurascens . * ; 


Percentage of ground covered 
Quadrat i Quadrat 2 


1 

21 3 

2 I 

3 I 

I 

I 

I I 

I I 

I I 


II 
I 

8 

4 

I 
II 
I 
. I 

H 

'■P 

I L I 
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Achillea laniilosa. i 3 

Antcmiaria anaphaloides 6 

Artemisia Forwoodli 

Arnica fulgens . . 

Carduus griseus 2 

Agoseris glazica ■ 5 ^ 

Crept s perplexa 2 

Taraxacum Taraxacum. i 

Bare ground iS 3:2 - 


Water requirements of various plants 

The plants of the meadows may be classified according to 
their usual water requirements or better the amount of moisture 
in the soils they frequent. Following a plan used by Professor 
Ramaley in his lectures on ecolog\q the meadow plants are given 
the index numbers 5, 6, and 7, Those that grow most commonly 
in the drier parts of the meadow are numbered 5, those in the 
•wettest parts 7, while the typical mesophytes are numbered 6. 

In meadows that are along streams or ponds it is often possible 
to recognize about three zones, these being characterized by dif- 
ferent amounts of moisture in the soil. Some plants are restricted 
to a single zone while others may grow in two or more but, with few 
exceptions, not in equal abundance. Certain plants, as Achillea, 
grow well in all three zones but are seldom in great abundance 
anywhere. 

In the systematic list of meadow species given below the 
relative soil moisture with which the various species are usually 
associated is indicated by one or more of the figures 5, 6, or 7. The 
figure which represents the normal condition for the species is 
italicized. 

Duration of individual plants 

The majority of the meadow plants are perennials living for 
many years. Thirteen species, representing nine per cent, of 
the flora, are annuals. These are Polygofmm EngUmannii, Alsine 
baicalensis A, longipes, Draba nitida, Epilobium paniculatwn, 
Gayophytum ramosissimum, Androsace subuUfera, Amarella plebeja, 
Chondrophylla Fretnontii, Collomia linearis, CoUinsia parviflora, 
Orthocarpus luteus, Rhinanthus Crista-galli. Five species, repre- 
senting three per cent, of the flora, are biennials. These Allium 
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recurvatum, Arabis dimricarpa, A. Jiirsuta^ PotenPilla mmispeliensis^ 
Lappula floribimda. Of the annuals and biennials, Alliim re- 
curvatum is the only one that appears in any great abundance; 
the others are infrequent. 

‘Frequency of occurrence of different species 

The various species do not occur with the same frequency in 
each meadow. Some are found in great profusion either locally 
or widely distributed. Others, which likewise may be either local 
or widely distributed, are never found abundantly in any place. 
In the following list frequency is indicated by letters: (a) abundant, 
(/) frequent, (o) occasional. 

Systematic list of meadow plants in Boulder Park with 

THEIR FREQUENCY AND WATER REQUIREMENTS 

Ophioglossaceae 
Boirichhiyn Lunarta (o) < 5 , 7 
POACEAE 


Agrostis hiemalis if) 6 

Koeleria cristata ia) 5, 6 

Agropyrofi pseudorepens (a) s> ^ 

Phleum alpinum if) 5, 6, 7 

Agropyron canimim {a) 6 

Phleum praiense if) 5, (5 

Agropyron Richardsonii if) 6 

Poa epilis if) 5 

Avena americana if) 5, (5 

Poa interior if) 6 

Bromus lanatipes (/) 5, i 5 

Poa nevadensis if) 6 

Bromus Porteri ia) 6 

Poa rupicola if) 6 

Calamagrostis canadensis if) 7 

Poa sub pur pure a ia) s* b 

Dantho7tia intermedia if) 6 

Savastana odoraia ia) 6, 7 

Vanthonia Parryi (e) 5, 6 

Sitanion longifoUum if) 5 

Desckampsia caespUosa ia) 6, 7 

Siianion brevifoUum (0) 5 

Elymus glaucus if) 7 

Sporobolus asperifolius if) < 5 , 7 

Pestuca con finis if) '6 

Stipa Nelsonii ia) St b 

Pesiuca ingrata if) 6 

Siipa Minor if) 5, 6 

Festuca pseudovina ia) 5, 6 

Stipa viridula if) 6 

Festuca rubra io) 6 

Festuca Thurberi (a) 5, <5 

Trisetum subspicatum if) 5, 6 

Cyperaceae 

Carex f estiva (a) 6, 7 

Carex pennsylvamca if) 6, 7 

Catex lanuginosa if) 7 

Carex occidenialis if) '7 

Carex utriculaia if) 7 

Mblanthaceae 

Aniiclea elegans if) b 
; JUNCACEAB 


Jumm baltku^ monimus. (a) 5 , 6 ' ■ _ '■ smi^ntanus if) 7 
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Alliaceab 

Allimn Geycri {a) 5, 6 Allium reciinmlum {a) 5, 6 

CONVALLARIACEAE 
Vagner a stellata (/) 5, 6 

Calochortaceae 
Calochorlus Gunnisonii (a) 6 

Ixiaceae 

Iris missourmisis (a) 6, T Sisyrinchium angustifoUnm {a) 6 

Orchidaceae 
Lhnnorchus viridiflora (/) 7 

POLYGONACEAE 

Bisiorta bistorioides (a) S, 6, 7 Polygontmt Englemanii (/) 5 

Efiogoyiiim siibalpimtm (/) 5 Ru?nex densijlorus (0) 7 

Alsinaceae 

Arenaria Hookeri (0) 5 
Cerastiiim occidenlale (a) 5, < 5 , 7 

Caryophyllaceae 
Silene Hallii (0) 5 

Ranunculaceae 

Ranunculus affinis (/) 7 
Ranunculus cardiophyllus if) 6 
Thalictrum Fendleri (a) 5, <?» 7 

Berberidaceae 
Odoslemon aquaefolitim (o) 5 

Brassicaceae 

Draba nitida (o) 6 
Draba slrepiocarpa if) 6 
Erysimum Wheeleri (0) 5 

Crassulaceae 
Sedum stenopetalum (o) 5 

Saxifragaceae 
Micranthes rhomboidea (f) $, 

Rosaceae 

Basiphora fruticosa (/) <5, 7 Poteniilla gracilis if) 5, <5 

DrymocalUs glandulosa (o) 5 Poteniilla Eippiana (a) 5,6 

(a) < 5 , 7 Polentilla monspeliensis (o) <5 

Geum oregonmseXf) 7 Poteniilla pulcherrima (a) 6 

PoientiUa^'filifesio)6' Sieversia ciliata {a) 6, 7 


Arabis dimricarpa if) 6 
Arahis glabra (p) 6 
Arabis hirsuta (0) '6 

Biirsa‘-pastofis if) 5, <5 


Aconilum ochroleiicum (o) 7 
A conitum insigne (0) 7 
Delphinium Nelsoyiii if) 5, 6 
Delphinium rohusUim (a) 6 , 7 


Alsine baicalensis (0) d, 7 
Alsine loyigipes (0) < 5 , 7 
Arfjwaria Fendleri if) 5, 6 
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Fabaceae 

Homolohus flexiiostis (/) 5, 6 
Thermopsis divarkarpa (a) 6 

Tium alpimim (a) d 

Geraniaceae 
Geranium nervosum {a) 7 

Linaceae 
Linum Lewisii (a) 6 

Malvaceae 
Sidalcea Candida (/) 7 

Hypericaceae 
Hypericum formosu^n if) 7 

Epilobiaceae 

Chamaenerion angustifolium if) 5, 6 Epilohium ruhescens (a) $, 6 

Epilobium pankulatum (0) 7 Gayophytum ramosissimum (a) 6' 

Ammiaceae 

Herableum lanaium (p) 7 Pseudocymopkrus tenulfolius (a-) 5, 6 

Primulaceae 

Andfosace stihuUfera (/) 6 Dodecaiheon radkatum (0) 7 

Gentianaceae 

Amarella pleheja (0) 6 Dasystephana Parryi (a) 6 

Chondrophylla Premontn (0) 6, 7 


Aragallus La^nhertii (a) 5, 6 
Aragallus Richardsonii (a) 5, 6 
Aragallus deflexus (f) 5, 6 
A telophragma elegans (/) 6 


Polemoniaceae 
CoUomia linearis if) 6 

Hydrophyllaceae 
Bydrophyllum Fendleri (/) 6 

Boraginaceae 

Lappida Jloribunda (/) 5 Mertensia Bakeri (0) 5 

Mertensia vitidula (0) 6 

Rhinanthaceae 

Pedicularis Parryi {a) 5, <5 
Pedicularis Crayi (0) 5 
Pentstemon procerus (a) 6 

Rhinanthus Crista-galU if) 6, 7 

Rxjbiaceab 
Galium horeaU (<i) $, 6 

, ' ■ CAMPANtJLACBAE ' ^ 

Campanula Parryi if) Si Campanula. peUolaia {a) s, 6 


CasHUeia Crista- galli (o) 6 
Castilleia sulphur ea {a) $, 6 
Collinsia parvifiora io) 6 
Orthocarpus luteus (0) s 
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Valerianaceae 

Valeriiina fmfiirascens (a) 6, 7 Valeriana micrantha (a) 5, 6 


Achillea lamilosa {a) 6 
Antennaria ajiaphaloides {a) 5 
Anteyinaria imhricala {a) 5, 6 
Antennaria microphylla (/) 5 
Antennaria oxyphylla if) 5 
Antennaria rosea if) 5 
Arnica f lilgens (/) 6, 7 
Ayytica Parryi (o) 6 
Artemisia Forwoodii if) 5 
Artemisia aromatica (0) 5 
Artemisia gnaphaloides (0) 5 
Carduiis americana (/) 6 
Car duns Centanreae if) 6 
Carduiis erosus (/) 6 

Agoseris glatica (a) 6 
Agoseris Greene i (/) 6 
Agoseris purpurea (a) 6 


Carduaceae 

Carduiis griseiis if) 6 
Chrysopsis villas a {a) 5, 6 
Erigeron eximius {a) 6 
Erigeron macranthus if) 6 
Caillavdia arisiata (a) 5, 6 
Helianthella quinquenervis {a) 6 
Rudbeckia flava (a) 6, 7 
Senecio crocatus if) 6 
Senccio per plexus if) d 
Senccio scopidinus (0) (5 
Senecio triangularis (0) 7 
SoUdago concinna (0) 6 
SoHdago fnissouriensis if) 6 

CiCHORIACEAE 

Agoseris aiiraniiaca (0) 6 
Crepis perplexa (a) 

Taraxacum Taraxacum if) 6 


Meadows of the lower montane region 

A comparison of the meadows of Boulder Park with those of 
the lower montane region shows that, in the main, the same plants 
are present but that the predominant plants in the lower meadows 
become secondary or may even be absent from the meadows of the 
park. At lower altitudes, introduced plants have supplanted 
largely the native species and have often become dominant as the 
following lists show: 

TrifoUum-Poa Society. — Trifolium repenSj T* pratensis^ Tium 
alpinum, Fragaria glatica yPotentilla pulcherrima, Achillea lanulom^ 
Juncus balticus montamis^ Dasiphora fruticosa, Phleum pratense^ 
Car ex f estiva. 

Trijolmm-Phletm Society —Trifolium repens ^ Phleum pratense^ 
Trifolium pratensis, Campanula petiolata, Fragaria glauca^ GerawF 
um nervosum, Tium alpinum, Achillea lanulosa, Taraxacum Taraxa^ 
cum, Rudbeckia flava, Deschampsia caespitosa, Carex f estiva. 

The higher subalpine meadows differ from the meadows of the 
montane zone in general appearance. Many of them have a 
grayer aspect 'due; to the, presence of sages and the greater hoariness 
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of some of the other plants. The plants here are generally shorter 
and the vegetation resembles dry grassland in its general aspect. 
Some of the plants found here are common plants of the montane 
region but they show a tendency toward dwarfing due to the effects 
of the more severe climatic conditions. In general there is more 
open or bare ground than in meadows at lower altitudes. Among 
the prominent plants are Psetidocymopterus tenuifolms^ Bistorta 
bistortoidesj Micranthes rhomboidea^ Pedicularis Parry i, Achillea 
lanulosai Rydbergia grandifiora, Sedum sie^topetalum^ Cerastium 
occidentale, Erysimum oblanceolatum, A rtemisia Parryi^ Dasiphora 
fruticosa, Campanula petiolata^ Dasystephana Romanzovii, Agro- 
pyron violacetm ^ Poa crocata. 

The lower subalpine meadows have the dark green color of the 
montane meadows but the plants are shorter. The number of 
grasses present is smaller and these cover less ground; therefore 
they are not so conspicuous as in the montane zone. Among the 
prominent plants are the following: Erigeron elatior, E. salsugi-^ 
nosum, Chrysopsis mllosa, Achillea lanulosa, Castilleia confusa, Tium 
alpinum, Castilleia occidentalism Thermopsis divaricarpa, Arnica 
Parryi, Solidago rnissotiriensism Campanula petiolata, Chamaenerion 
angustifoUum, Heliahthella quinquenervis, Artemisia Parryi, Pseudo-- 
cymopterus tenuifoliuSm Vaccinium caespitosumy Senecio Flintiiy 
Juncus Drummondii, Carex festivay Stipa minor, Agropyron pseudo- 
repens. 

Geographic relations 

The fifty-five most prominent species of the meadow are largely 
northern plants. One plant only, Pseudocymopterus tenuifoUus, 
has a range predominantly southern. Twenty-two range about 
equally north and south. Table IV shows geographic and alti- 
tudinal ranges of the predominent plants. 


TABLE IV 

Geographic and altitudinal range of meadow plants 

No. of species ranging cliiefly to the north ■ 32 

No. of species ranging 'Chiefly to the’South ,i 

No. of species ranging to north anU south . ' .25 

No. of species^ ranging chiefly higher .to 

No. of species ranging chiefly .lower 20 

No. of species ranging, both higher and lower. ..... ^ .V, , 
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Meadow plants fohnd in the forest and along roadsides 

Comparison with a paper by Miss Mary Esther Elder (5) 
shows that the following plants here listed as meadow plants are 
also found in Boulder^ Park along roadsides; Phleum pratense, 
Koeleria cristata, Poa pratensis^ Festuca rubra, Jtmcus halticus 
monkmtis, Bursa Bursa-pastoris, Potentilla monspeliensis. Fra- 
garia glama, Trifolium pratense, Trifolium repens, Aragallus 
deflexus, Chamaenerion angusiifolmm, Collomia linearis, Chrysopsis 
villosa, SoUdago concinna, Achillea lanulosa, Artemisia Forwoodiu 
Artemisia gnaphaloides, Taraxacum Taraxacum. 

Comparison with a paper by Miss Katharine Bruderlin (6) 
shows that the following plants here listed as meadow plants are 
also found in the Lodgepole Pine forest: Arenaria Fendkri, 
Cerastium occidentale, Draba streptocarpa, Erysimum Wheeleri, 
Sedum stenopetalum, Drymocallis glandulosa, Potentilla pulcherrima, 
Sieversia ciliata, Aragallus Lambertii, Aragallus Richardsonii, 
Thermopsis divaricarpa, Tium alpinum, Chamaenerion angusti- 
folium-, Amerella plebeja, Castilleia sulphurea, Orthocarptts luteus, 
Penstemon procerus, Galium boreale, Campanula petiolata, Achillea 
lanulosa, Antennaria anaphaloides, Antennaria microphylla, An-* 
tennaria rosea, Carduus americana, Erigeron macranthus, Erigeron 
eximius, Agoseris purpurea. 

Summary 

The foregoing is a report of a study of the meadows of a high 
mountain park at Tolland^ Colorado, made during two summer 
seasons. Descriptions of seven societies are given. Societies 
of the lower montane region are also indicated and the chief 
characteristics of the subalpine meadows briefly discussed. A 
list of the meadow plants of Boulder Park with their frequency 
and soil moisture index is given. 

AGRICVLTtTRAL AND MECHANICAL COLLEGE OF TEXAS, 

College Station, Texas 
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A revision of the genus Polygonatum in North America 

R. R. Gates 
(with plates 4~6) 

This genus has been in a very chaotic condition owing to the 
lumping’* of species, the transference of names, and the confusion 
of North American with European species. The whole genus con- 
tains probably not less than fifty species, the majority of which 
are European or Asiatic. There has been a marked tendency to 
form aggregate species of the European forms, so that they too 
are in need of a critical revision and comparison with North 
American forms. Not until then will it be possible to determine 
the closeness of the relationship, though it appears at present that 
none of the North American species agree with European forms. 

The North American forms have been divided by Farwell 
into two groups, the Puhescentes and the Glahrata, corresponding 
respectively to the species which have hitherto been erroneously 
going under the names P. biflorum and P. commuiatum and whidh 
were supposed to comprise all American forms. It may be pointed ' ' 
put that the European alternate-leaved species are also some of 
them glabrous and some pubescent. ■ . 

The number of species here recognized is nine, including 
three, P. kirtum, P. canaliculatumf and P* parviflomm, which are 
only known from early descriptions. The remaining species show 
nauch puzzling variation, so that a number of varieties are recog- 
nized, and the limits of variation of . several of the species are by no 
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means dear at the present time. The only form which appears 
to be a possible mutation is P. giganteunt. The interpretation of 
the origin and relationships of the other species and varieties 
will have to await a more detailed knowledge of their characters^ 
variation and distribution. 

The Euro- Asian members of the genus Polygonatum, however, 
furnish a series of ^ species, such as P. verticillatum All. and P. 
Hansskneditii Bornra. & Sint., which agree in having their leaves 
in whorls, rather than alternate as in American species or opposite 
as in some European species. This verticillate condition probably 
did not come about gradually, and must have appeared as a 
mutation by a single step. Whether this mutation occurred but 
once, all verticillate species having then descended from a common 
stock, cannot be debated at the present time, but this is by no 
means necessarily the case. The fact of parallel mutations of 
course complicates all interpretations of phylogenetic possibilities. 

Unless otherwise stated the specimens cited below are in the 
herbarium of the Missouri Botanical Garden. The abbreviation 
signifies the herbarium of the University of California. 

I. Polygonatum pubescens (Willd.) Pursh 

Convallaria pubescens Willd. Hort. BeroL 45. pi, 45. 1805. 
Polygonatum pubescens Pursh, FI. Am. Sept. 234. 1814; Farwell, 

Bull. Torrey Club 42: 253. pi, 13 A, 1915. 

Polygonatum multiflorum jS americanum Hook. FI. Bor. Amer. 2 : 
176. 1840 (in part). 

Polygonatum biflorum Ell; A. Gray, Manual, Ed. 2, 466. 1856. 

Salamoma biflora Fai'well, Rep. Com. Parks Detroit 11 : 53. 1900. 

Polygonatum boreale Greene, Leaflets i: 181. 1906. Farwell, 

Bull. Torrey Club 42: 253. pi. 14A. 1915. 

Known from Massachusetts south to Carolina and west to 
Wisconsin, Michigan and Indiana. The bounds probably extend 
beyond these’dimits. , 

Massachusetts: Oak Island, May 23, 1897, /. M. Greenman 
2284; Stony Brook, May 15, 1897, J, M. Greenman 2288; Prov- 
incetown,, May 22, 1904, J, M, Greenman 3013. Connecticut: 
Norwich, May 25, 1883, W. A, Setchell (Cal.);, Waterbary, June i,' 
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1888, Constance G. Dubois (CaL)- New Jersey: Greenwood 
Lake, Passaic County, May 19, 1907, K, K. Mackenzie 2574; 
Somerset County, R, C. Perry. Pennsylvania: Mountville, 
May, 1889, A. F, Eby, Virginia: Hungry Hollow, northeast of 
Marion, Smyth County, May 24, 1892, John K. Small (Cal.)» 
Indiana: Harrison Township (Section 30), Weils County, May 
14, 1905, Charles C. Beam (specimen verging toward var. cunea- 
turn); North Lapaz Junction, Marshall County, May 18, 1913? 
J. A. Nietmland 1103S. Wisconsin: Ephraim, June 5, 1907, 
X M. Greenman 2167; Appleton, May 15, 1896, H. P, Chandler 
(CaL). Minnesota; Minneapolis, June, 1890, J. H. Sandberg. 

Farwell has endeavored to separate P. boreale Greene from P. 
pubescens on the basis of the somewhat larger and more elliptical 
leaves of the former, but the variation between them is apparently 
continuous. Moreover, the two specimens cited above from 
Greenwood Lake, New Jersey, and Ephraim, Wisconsin, are 
exactly alike and correspond with the measurements given by 
Farwell for P. boreale. Hence, in the presence of intermediates, 
both cannot be recognized since they have the same range. 

la. Polygonatum pubescens cuneatum (Greene) Farwell 
Polygonatum cuneatum Greene, Leaflets i: 181. 1906. 

Polygonatum pubescens cuneatum Farwell, Bull. Torrey Club 42: 

253. pi. 13, B. 1915. 

Described by Greene from near Turin, Marquette County, 
Michigan. According to Farwell it differs from P. pubescens only 
in having longer and relatively narrower leaves cuneate at the 
base. Known from Michigan to Pennsylvania and Connecticut. 

Connecticut: Berlin, 1870, T. S. Brandegee (Cal. xig68o). 
Pennsylvania: Bellwood, Blair County, May 18, 1904, 0 . E. 
Jennings (CaL 6g244). In these two specimens the leaves are 
20-25 mm. wide X 6-9 cm. long, the flowers small, greenish, B-IO 
mm. long. ^ ' 

;:i&. :PolygonattllIl^ pubescens australe (Farwell) comb.' nov." 
Polygonatum boreah austrak Farwell, Bull. Torrey Club 42; 254. 
pi 14 , B , 19 ^ 5 . " ' '"''A-'': 

Known only ftoffi Detroit, Michigan, and the following locality: 
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Massachusetts: Purgatory Swamp, Westvuod, May 14, 
1904, A. H. Moore (Cal. is 84 gs)< The specimen here cited and 
photographed (Plate 4, A) agrees with Farwell’s description 
except that the peduncles are mostly two-flowered. This form 
is decidedly smaller and more slender than var. cuneatum, but 
may perhaps be connected with it by intermediates. The dimen- 
sions of the specimens studied are as follows: stem I.5-2.5 mm. 
in diameter, rootstock 4-5 mm. in diameter, leaves pubescent and 
glaucous below, elliptical, 4.5-6 cm. long, 14-22 mm. wide. 

2. Polygonatum hirtum (Bose) Pursh 

Conmllaria hiria Bose; Poiret, Encyc. 4: 369. 1796. 

Polygonatum Mrtum Pursh, FL Am. Sept. 234. 1814. 

This species is unknown at the present time, but there should 
be no difficulty in identifying it from Poiret's description and the 
specimens in Paris. It is evidently most nearly related to P. 
pubescens. with which it agrees in having pubescence along the 
nerves on the ventral surface of the leaves, but from which it 
differs in that the stem and peduncles are also pubescent. The 
leaves are described as sessile, nearly amplexicaul, oval, large, 
ending in a long, obtuse point. The peduncles are said to be an 
inch long and two- or three-flowered. The size of the flowers can 
only be determined by examination of the specimens at the 
Museum dTIistoire Naturelle in Paris. CreY^ecoeiir brought the 
species from North America to the Jardin des Plantes in 1789. 

3, Polygonatum biflorum (Walt.) Ell. 

Cofwallaria biflora Walt. FI. Car. 122. 1788. 

Polygonatum angusHfoMum Pursh, FL' Am, Sept. 234. 1814. 

Polygonakmi biflorum Ell. Bot. S. C. & Ga. i: 393. 1817. 
Conmllaria angustifoUa Schult. Syst. 7: 301. 1829. 

Polygonatum multifiorum p americanum Hook. FI. Bor. Am. 2: 

176. 1840 (in part). 

Carolina to Pennsylvania. ' 

This species occurs on the Atlantic coast, but its full range is at 
present unknown. Since, the second edition' of Gray’s Manual, 
in which P. pubescens and other forms were merged with it, P, 
bifiomm has 'been 'an inclusive species, supposed to range north- 
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ward to New Brunswick and westward to Kansas and Texas. 
The precise characters of Walter’s P. bifiorum are difficult of 
determination, Fanvell (h c., pL 15, A) published a figure of 
what he believed to be the type of the species, from a specimen 
collected in Franklin, New Jersey, by H. H. Rusby. I have 
examined specimens the exact counterpart of this. It is a fairly 
constant form and I have described it below as P. Uflorum 
hebetifolkm. It cannot represent Walter’s type because that 
calls for a three-nerved leaf. 

■ What I believe to be the type of Walter’s Convallaria biflora 
is represented by a suite of six sheets of specimens, all very 
uniform, from the Chapman herbarium in the herbarium of the 
Missouri Botanical Garden. Unfortunately these are without 
locality, but they doubtless came from somewhere in the south- 
eastern states, probably North Carolina. One of the sheets is 
represented in Plate 4, B, and a description of the specimens 
follows: 

Plant glabrous, 2-5 dm. high, naked portion of stem usually 
shorter than leafy portion. Leaves seven to ten, secund, narrowly 
elliptic-lanceolate, tapering gradually to a long, narrow point, more 
acute than in any other American Polygonatum^ 7-12 cm. long, 8-17 
mm. wide, with three to seven more or less prominent nerves, 
tapering gradually to a semiamplexicaul or sessile base. Peduncles 
slender (less than 0.5 mm. in diameter) 2-3 cm. in length, bearing 
one or two flowers on short pedicels 4-6 mm. in length. Flowers 
yellowish, about 2 cm. long and 3"-5 mm. in diameter. 

A specimen collected by C. W. Eisenhower at Conewago Creek, 
Pennsylvania, in May, 1898, agrees with the type except that it 
has somewhat broader leaves (15-21 mm. wide). 

3a. Polygonatum biflorum hebetifolium var. nov. 

A specie differt foliis latioribus et obtusioribus (7-10 cm. longis, 
13-26 mm. latls), sine nervis ' manifests aut solum nervo medio 
indicato; floribus minoribus, albidis (7-15 mm. longis), frequenter 
binis, pedicellis usque ad i cm. longis. 

New YO'R'K: "Princes Bay, , Staten, Island,' May, 2,5,, 1889, ■ 
L , (CaL). New Jersey: (Snake. Hilb near Hoboken, 

June 2, 1884, H. mn.Schrmk. ' ^ Pennsylvania,:^ 'Mountville, July, 
:i888, 4.. F.:Eby;' M,t. Alto^ 190% Joseph Illick (flowers. 14 mm. 
long); York County, June 3, 1895, N. Af. Glatf elder (no flowers); 
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York Comity, June 3, 1895, 5 , Wmiarns (no flowers). District 
OF Columbia: Washington, 188-*, L, F. Ward (Cal.). Kentucky: 
Louisville, 1835, C. J¥, Short (flowers 15 mm. long); Bowling 
Green, May 29, 1899, Sadie F. Price. North Carolina; locality, 
date, and collector’s name unknown (specimen in the Chapman 
herbarium, type). Missouri: Watson, June i, 1894, B . F . 
B-ush 527. 

One sheet in the Chapman herbarium contains one specimen of 
typical P. hifiorum and one of the variety (Plate 5, A) . Plence no 
doubt they both occur in the same locality. The variety extends 
as far west as Missouri and its flowers vary somewhat in size, the 
leaves also showing some variation in relative width and in 
obtuseness. Indeed I have included a considerable range of forms 
which may ultimately have to be separated. While in the type 
specimen the flowers are small and the leaves scattered on the 
stem, in the Missouri form (Plate 5, B) the flowers are much 
larger (18 mm.) and the leaves rather crowded on the stem. 
A majority of the specimens cited correspond rather more nearly 
with the latter condition than with the former. 

4. Polygonatum canaliculatum (Muhl.) Pursh 
Comallaria canaliculata Muhl.; Willdenow, Hort. BeroL 45. 1805. 

Polygonatum canaliculatum Pursh, FI. Am. Sept. 234. 1814. 

This North American species was described as follows: 

Foliis alteriiis amplexicaulibus oblongis margine pubescentibus, caiile caiialiculato, 
pedunculis biflons axiilaribiis. Differt a Convallaria pubescenti; foliis oblongis 
glabris margine tantum termissine pubescentibus, corolla inagnitudine et facie 
Convallariae Polygonati. 

C. mtiUiflora Michx. (FI. Bor. Am. i: 202. 1805) is given as a 

synonym, from which it may be inferred that the distribution 
“Pennsylvania to Virginia” given by Michaux applies to P. 
canaliculatum- Although the name P. canaliculatum has since 
been used in various senses, yet the pubescent leaf-margins prevent 
its identification with any species at present known. Its exact 
characters should be determined from the original specimens and 
the careful description given by Schultes (Syst. 7: 1670. 1830). 

5. Polygonatum commutatum (J. A. & J. H. Schult.) Dietr. 
Convallaria commutatum J. A. & J, H. Schult. SySt. 7: 1671. 1830. 
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Polygonaium cofnmutakimDietr.; Otto & Dietr. Garteiiz, 3: 223. 

1835^ 

Polygonatum muUifiorum 0 americanum Hook. F!. Bor. Am. 2: 
176. 1840 (in part). 

Polygonatum latifolium var. commutatiim Baker, Jour. Linn. Soc. 
Bot. 14: 555. 1875. 

Polygonatum hiflorum commutafum Morong, Mem. Torrey Club 5: 
115. 1894. 

Salomonia commutata Britton, Man. 273. 1901. 

Georgia to Pennsylvania, Wisconsin, South Dakota and Okla- 
homa, probably extending north into Canada. 

This appears to be the most widely distributed of all the species. 
It varies considerably within the range indicated, and other 
segregates may be detached from it later. The following speci- 
mens in the herbarium of the Missouri Botanical Garden are here 
referred to it: 

Pennsylvania: Conewago, May, 1889, /. iJ. Ehy; George 
School woods, June 2, 1906, Elma ikf. Eves. Georgia: cliffs of 
the Coosa River, Rome, 1872, A. W. Chapman 3886, spif. 
Tennessee: Knoxville, x^pril and May, 1898, Albert Ruth 148 y 
781 (the latter specimen intermediate between P. commutatum 
and P. hiflorum hebetifoluim^ leaves 38 X 12 cm.). Wisconsin: 
Mirror Lake, Sauck County, July 13, 1903, H. EggerL Iowa: 
Iowa City, A. S. Hitchcock. Missouri: St. Louis, June, 1892, 
H. Eggert; Ilasco, August 20, 1911, John Davis gS/, South 
Dakota: Vermillion, May 22, 1911, 5 . 5 *. Oakvmod, 

Thomas A. Williams; Oakwood, May 23, 1902, A. G. Johnson. 
Nebraska: Nuckolls County, August, 1899, George C. Hedgcock 
(three sheets); southwest of Lincoln, June 5, 1900, George C 
Hedgcock; South Bend, May 12, 1900, George C. Hedgcock. Kan- 
sas: Cowley County, June, 1898, Mark White; Riley County, 
1896, /. B. Norton 834; Fort Riley, Geary County, July 2, 1895, 
C. H. Thompson. Oklahoma: .Sapulpa, July 27, 1894, B. P. 
Bush 578 

$a. Polygonatum commutatum virginicum (Greene) comb. nov. 
Polygonatum 'virginicum Greene, Leaflets i : 181. 1906. 

Polygomtum^ biflorum' virginicum 'Fvorwellj Bull. Torrey Club 42: 



124 GIates: Revision of genus PoLVGONATUiM 

This variety (Plate 6, A) is evidently closely related to the 
t^rpical form of P. comnrutatum, from which it differs chiefly in 
having elliptical leaves, not amplexicaul, dark green in color, and 
more slender peduncles. FarwelFs illustration represents a form 
of P. conmmtatunt, 

Virginia: bluff's of the middle fork of the Holston River, near 
Marion, Smyth County, May 22, 1892, John K, Small (Cal. 

CO- type of P, virginicnm). District of Columbia: Dalecarlia 
Reservoir, May 23, 1905, Joseph II, Painter ijop, 

Sb. Polygonatuna commutatum ovatum (Farwell) comb. nov. 
Polygonatum biflorum ovaUm Farwell,, Bull. Torrey Club 42 : 255* 
pL 16, A, 1915. 

Michigan to Iowa, Nebraska and Oklahoma. 

This variety as here understood differs from the species chiefly 
in having leaves which are amplexicaul, usually rather broadly 
ovate with very blunt tips, peduncles stout and flattened, flowers 
frequently in 3’s and 4’s, about 18 mm. in length. It is clearly 
related to P. commutatiim rather than P. hiflonmt, 

lowLA.: Shelby County, May 30, 1894, '!'• Sf M, F, L, 
Fitzpatrick; Grinnell, 1886, H. W, Norris. Nebraska: near 
Lincoln, June 5, 1900, George C. Hedgcock, Oklahoma; Catoosa, 
May 14, 1895, B, F. Bush 1282 (‘‘common’*)* 

6. Polygonatum giganteum Dietr. 

Polygonatum giganteum- Dietr.; Otto & Dietr. Gartenz. 3: 222, 
; 1835. 

Polygonatum midtiflorum americanum Hook. FI, Bor. Am. 2: 176. 
1840 (in part). ' 

Polygonatum biflorum 7 giganteum Wood. Bot, & Flo. 346. 1870. 

Polygonatum canaliculatum giganteum Farwell, Bull. Torrey Club 
42: 256. pL 18. ' 1915. 

Maryland and Pennsylvania to Wisconsin and Montana, south 
to Nebraska, Missouri and Kentucky. 

This species' was originally described by Dietrich from speci- 
mens received from the Edinburgh Botanic Garden, the super- 
intendent’s son having obtained it' ' from North America. It 
, 'appears to be 'essentially . a giant derivative of P. commutatum^ 
;:'yet;;its' '.'character are.suf&Sently^ distinct to be 'amply .worthy of. 



Gates: Revision of genus Polygonatum 


125 


specific rank. The following specimens, while conforming in 
general to Dietrich's description, vary somewhat in leaf-shape^ 
length of peduncles, number of flowers, etc., sometimes much 
exceeding the measurements of the original description. In that 
description the plants were 3 feet high, though they attained a 
height of 73/^ ft. in the Edinburgh Garden; the peduncles 6-8 
lines long, bearing 3-4 flowers on pedicels 4-6 lines long; the leaves 
oval, glaucous beneath. In the specimens of P. giganteum 
examined, the stem in one case attained a diameter of 2 cm., the 
(flat) peduncles a length of ii cm. (bearing as many as nine 
flowers), the leaves a size of 19 X 10 cm. Most of the speci- 
mens were, however, much smaller, though usually larger and with 
more numerous pedicels than in Dietrich's material. Farwell's 
specimens {pL 18) from Michigan have smaller flowers (14-16 mm.), 

Pennsylvania: Crum Creek near Philadelphia, June 7, 1870, 
/. H, Redfield 8187, District of Columbia: Washington, June 
12, 1878, J. IF. CMckering, Jr, Ohio: Springfield, If. G. Williams. 
Illinois : woody bluffs southeast of East Carondelet, September 
4, 1891, E, Douglas, Wisconsin: Racine, September ii, 1879, 
/. J, Davis; Kilbourn, August 15, 1892, Mrs, Wallace (lesLYts 
14 X 7.5 cm., broadly elliptical, very obtuse). Kentucky; Bowl- 
ing Green, June, 1899, Sadie F. Price, Missouri: Woodlawn^ 
September 19, 1878, G, Engelmann; Hannibal, May, 1906, John 
Davis X2001; St. Louis, July or August, 1891, collector unnamed, 
Nebraska: Sargent's Hill, June, 1853, F, V, Hayden; St. Helena, 
r. u 4 . Brukin; Lincoln, August, 1889, H, J. Webber, Also the 
following: ^‘A. A. M.," June, 1858 (Herb. Fritcliey); ^'from 
Niobrarah River to Fort Pierre, June, 1859, F, V, Hayden 
(Reynold's Expedition to the headwaters of the Missouri and 
Yellowstone Rivers). 

7. Polygonatum rarviflorum (Poir.) Dietr. 
Convallaria parvifiora Poir. Encyc. Suppl. 4: 29. 1816, 

Polygonatum^ parviflorum Dietr.; Otto & Dietr. Gartehz. 3- 222, 

’ 1835;' ^ ^ 

'' This species" is' unidentified, ■ Its description^is As'iollo’ws: ,, 

G. foHis subsessilibtis, oYato-oblofitgis* glabris; peduncuHs axillaribus bi-raro 
trifloiis minimis. ' 

The flowers are further said to be small, white, half as large as 
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in C. Polygonatum. The exact features of this plant can only be 
determined by examination of the original specimen in the 
Desfoiitaine herbarium, in Paris. 

8. Polygonatum cobrensis (Wooton & Standley) comb. nov. 
Salomonia cobrensis Wooton & Standley, Contrib. U. S, Nat« 

Herb, i6: 113. 1913. 

New Mexico. 

Through the kindness of Mr. William R. Maxon of the National 
Herbarium I have been able to examine the type specimen, which 
came from Copper Mines, Santa Rita, New Mexico. The follow- 
ing specimen (Plate 6, B), in the herbarium of the Missouri 
Botanical Garden, came from a neighboring locality and shows 
still better the features of this species: Pinos Altos Mountains, 
New Mexico, E. L. Greene, May 21, 1880. Dr. Greene referred 
this specimen to the European P. vulgare Desf. which it evidently 
resembles, though I have seen no specimens of the latter which 
approach it very closely. A critical comparison should be made 
with European specimens. The species most resembles P. biflorum 
hebetifolmm. 

9. Polygonatum ellipticum Farwell 
Polygonatum ellipticum Farwell, Bull. Torrey Club 42: 255. ph 

16, B. 1915. 

This species was based on material collected by its author at 
Rochester, Michigan, in June, 1914. Since I have seen no speci- 
mens I am unable to judge of its status. 

]E^:K:plaiiatloii of plates 

Plate 4 

A, Polygonatum puhescens australe (Farwell) Gates. Photograph of a specimen 
from Purgatory Swamp, Westwood, Massachusetts, A. B. Moore. B. Polygonatum 
hijiorim (Walt.) Ell. ' Photograph of a specimen in the Chapman herbarium, presum- 
ably representing the type of Conmllaria bifiora Walt. 

Plate s 

Polygonatum Mfiorum hebeiifoUum Gates. A. Photograph of a type specimen. 

■ B. ' Photograph of a specimen from Watson, Missouri, B. F. Bmh 327. * 

Plate 6 

A. Polygonaium^ ^ commutatum ■' (Greene) . Gates. Photograph of a 

ccHtype' specimen of P.-pirginkum ^^reene. ' B. Polygonatum coUrensis (Wooton^ 

' S'tandley) Gates*; Photograph of a specimen 'oollected in the Pinos Altos Mountains, 
;\New'' Mexico, Grmm , / ' 2 ', ;; ' ; 



Some factors influencing the prevalence of Endothia gyrosa 

Neil E. Stevens 
(with five text figures) 

Introduction 

The distribution of the American species of Endothia does not 
coincide with that of their hosts. Range maps of these species 
made by Dr. C. L. Shear and the writer as the result of two years 
collecting, show that Endothia gyrosa (Schw.) Fries is abundant in 
the Southeastern States and has been found occasionally as far 
north as southern Connecticut and western New York, while two 
of its hosts, Fagus and Qtiercus^ occur several hundred miles further 
north. Endothia fltiens (Sow.) S. & S., which is common on 
Castanea and Quercus from northern Alabama to southern Penn- 
sylvania, has not yet been found north of this region. The 
territory between Virginia and southern New England appears 
then to be a transition region for these fungi. Examination of 
these maps also shows that Endothia singularis (H. & P. Syd.) 
S. & S. and E.fluens occupy fairly w^ell defined climatic areas and 
are apparently not found in America outside these areas. Endothia 
gyrosa, however, while abundant only in the Southeastern States, 
has been found in Connecticut, New York, Kansas, Texas, and 
on the Pacific Coast. 

The present paper deals with Endothia gyrosa, which has a 
much wider known range in America than any other species of 
the genus. This fungus is undoubtedly indigenous, having first 
been collected by Schweinitz at Salem, North Carolina, nearly a 
century ago, and previous to recent work had been collected at 
various times in the following widely separated localities: Indiana, 
1831 Q) , SchweiniU; Texas, 1869, New Yprk, 1872, G, 'IF',; 
'Clinton; Florida,' ' i886'-87, Calkins; ' Mississippi, v '1887,^ Earle; 
Kans'as, 1887,, Gmngfe; Xouisiana,', ,1887, Jersey,: 

1892'(?), Ellis: ' '' / v', 

The intensive collecting of the last few years has not greatly 

'v:' vV-':;''::''':''';; "O ';: \::V 
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extended the range of Endothia gyrosa beyond that known twenty- 
five 3’ears ago. It may therefore be fairly assumed that this 
fungus lias reached its natural limits of distribution in this country 
and that the present range is determined by environmental i'actors^ 
in contrast to fungi which have been recently introduced, and have 
therefore not yet spread throughout the region suitable for their 
development. 

In collaboration with Dr. Shear the writer has prepared a 
map (Fig. i), which gives a somewhat more accurate idea of the 



Fig. I. Known distribution of Endothia gyrosa. Cross hatching incUcatea 
area in which the fungus is known to be abundant. Dots indicate localities where 
it has been collected. Map prepared by the writer in collaboration with Dr. C. L. 
Shear. 


distribution of Endothia gyrosa than that previously published. 
The cross hatching indicates the area in which the fungus is 
known to be abundant, the dots outside that region indicate 
localities in which the fungus has been collected. In considering 
the distribution of E. gyrosa the problem is double, for the fungus 
has been found at widely separated localities hundreds of miles 
outside the region in which it is common. Conditions under 
which it can exist are not then, necessarily, those under which it 
will become abundant. The conditions which limit the occurrence 
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of this fungus have not yet been discovered. The following notes 
indicate certain factors %vhich seem to influence its prevalence 
within its present range. In discussing this question observations 
are confined to the eastern half of the United States, where most 
of the collecting was done and where, consequently, the distribu™ 
tion of the species is fairly accurately known. This area is par- 
ticularly favorable for a study of the climatic relations of fungi 
since, as Ward (ii) has pointed out, it constitutes a single climatic 
subdivision of the country. 

Inoculation experiments 

In connection with work already reported (lo), inoculations of 
E, gyrosa, E. fluens and E. fluens mississippiensis were made at 
various points from Charlottesville, Virginia, to Concord, New 
Hampshire, in the hope that data might be obtained concerning 
the effect of climate on their growdh. The inoculations were 
located at points chosen for their availability and their nearness 
to United States Weather Bureau Stations. These places were 
visited eveiy five or six weeks during the summer of 1914, twice 
during the summer of 1915, and once in May, 1916. At each 
visit ten or more new inoculations were made on species of Quercus 
(sometimes also on Fagus) using the method described for previous 
work (8, 10), and notes were made on the condition of the earlier 
inoculations. Table I gives a brief summary of the results of 
the observations on E. gyrosa. 

The results of these inoculations have emphasized four facts, 
already knowm. Black oaks {Erythrohalanus Spach.) are much 
more favorable for the growth of E. gyrosa than white oaks 
(Lepidobalanus EndL). E. gyrosa will under certain conditions 
grow and winter over as well near or beyond the northeast limits 
of its known range as it will within the region where it is most 
abundant. Water supply is important in the growth of the 
fungus. The condition of the host is important; this may be, at 
least in part, only another indication of the importance of the 
water supply, as obviously the water necessary for growth may be 
supplied by the host or by the atmosphere. 

An examination of the table shows that ^EndolMa ' gyrosa/ 
vived the winters of 1914-1915 ' and 1915-1916 without apparent 
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TABLE I 


Locality 

! Inoculations 
; made 

1 Pycnidial stromata appeared 

Further notes 

Charlottes- 

! April 20 and 

Oct. 2, 1914. Abundant 

The small tree on which 

ville, Va. 

; May 21, 

i especially on tree inocu- 

the inoculations of JHay 


j 1914. 

1 lated May, 1914. 

1914 were made died dur- 

Fairfax, Va. 

i 

• 

April 21 and 

i 

i 

i 

July, 1914. a few pyc- 

ing the summer from par- 
tial girdling at the time of 
inoculation. Apparently as 
a result of this the fungus 
developed rapidly and pro- 
duced pycnidial stromata 
for a distance of 10-12 
in. above the point of in- 
oculation. 


Aug. I. 
1914 - 

nidia on the injured tissue 
above the inoculations of 
April. Oct. 24, 1914, 


Frederick, 

May 30, 

fairly abundant and well 

1 developed on inocula- 
! tions of both dates. 

May 21, 1915. 

There was no evidence of 

Md. 

1914. 


growth from these inocula- 

Woodstock, 

May 30 and 

Oct. 19, 1914. 

tions during the summer of 
1914. Pycnidia, however, 
appeared on one branch in 
the spring of 1915. 

While both these inocula- 

Md. 

July 30, 


tions showed considerable 

Wilmington, 

; 1914- 

'July 6 , 1914. 

Oct. 6 , 1914. 

development of pycnidial 
stromata they were less 
than some others both 
further north and further 
south. 

Large well-developed 

Del. 

Hartford, 

July IS, 1914. 

Sept. 23, 1914, A very 

stromata, which showed no 
change during the succeed^ 
ing summer. 

In this case stromata de- 

Conn. 

Sep. 24, 

few stromata. Aug. 18, 

veloped abundantly during 


1914- 

1915, large well-developed 

the summer of 1915 from 

Amherst, 


stromata. 

inoculation.s which during 
the summer of 1914 showed 
only a few scattering stro- 
mata. 

July IS, 1914, 

Sept. 24, 1914. 

This inoculation became 

Mass. { 



contaminated later with 

Williams- 

July 14, 

Aug. 16, 1915. 

Endoihia parasitica. 

The small oak on which 

town, Mass. 

Sept. 24, 


the inoculations of July 


1914, & 


1914 were made was killed 


May 21, 

19x5- 


by the cuts and bore nu- 
merous large^ pycnidia . of 




this fungus during the sum- 
mer of 191S, ''None of the, 
inoculations made, 'at this' 
pouttt' produced . stromata / 
during'the' summer of ,19,1,4.' 
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TABLE I — Continued 


Locality 

Inoculations 

made 

Pycnidial stromata appeared 

Further notes 

Concord, 

Sept. 22, 1914 

Aug. 19, 1915. 

Several good sized pyc- 

N. H. 

May iS, 


nidiai stromata developed 



1915. 


on several of the inocula- 
tions of both these dates. 

Stations on 
Overlook Mt., 
Woodstock, 




N. Y 





Sta- 

Elevation 




tion 

in feet 




S3 

1,000 

June 12, 

Aug. 14, 1915- 

Pycnidial stromata ap- 



1914- 


peared from one inocula- 
tion during the summer of 
1915, though there had 
been no evidence of de- 
velopment during the sum- 
mer of 1914. 

c 

1,500 

June 13 & 

Aug. II, 19x5* 

Abundant large pycnidial 



Sep. 30, 


stromata developed during 



1914. 


the summer of 191S, al- 
though none had developed 
during the summer of 1914. 

06 

1,500 

June II, JuL 

May 25, 1915. From 




8, Aug. 12, 

inoculations of June, 1914; 




1914. 

and Aug. 12, 1915, from 
inoculations of July and 
Aug. 1914. ! 


0 I 

1,900 

June II, 

Sept, 29, 1914. 1 

1 These showed the great- 



1914, July 


est development of any 



9, 1914. 

1 

stromata of E. gyrosa in 
the entire series of inocula- 




j 

tions. Abundant pycnidial 
stromata developed ex- 
tending 1-6 in. above and 
below the cut in each in- 
oculation. There was con- 





tinued growth but no 
perithecia had developed 
up to 1916. 

0 4 ; 

2,800 

July 9, 1914* 

May 26, J915. 

Numerous stromata de- 
veloped well beyond the 
cut and extending for a 
foot or more above and be- 
low the place of inocula- 
tion. These were alive and 
in good condition May 
1916, but had produced 
no perithecia. ' 


All the inoculations listed above as 'having developed pycnidial stromata were^ ^ 
alive in May, 1:916, but no peritheda bad developed, , 


injury' in the, most, northern localities ’ at which , inO'Cnlatiop'S were, 
made," i. e*, Wilhamstowjny/Massachusetts^ and '''Concord/, 'New,, 
Hampshire, and at an eleyatipn of; 2,800 feet on Overlook Moun 
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tain. Its growth in these localities was nearly, if not quite, equal 
to that at more southern points. 

The effect of abundant moisture is readily seen from the fact 
that at Concord, Williamstown, and two stations, S 3 and C, on 
Overlook Mountain, stromata developed in 1915 from inoculations 
which had shown no growTh in 1914; as well as by the fact that at 
Hartford, Connecticut, stromata developed abundantly during the 
summer of 1915 from inoculations which during the summer of 

1914 showed only a few scattered stromata. As the 'weather 
conditions of the two summers in these localities have been 
discussed in detail by the writer elsewhere (10) it may merely be 
stated here that there was little difference in the temperature 
but that the rainfall of 1914 was much below normal; that of 

1915 -well above normal. 

The importance of the condition of the host in the growTh of 
Endothia gyrosa was best seen at Charlottesville, Virginia,*'^ where 
the small tree which was inoculated gradually died from the effect 
of the cuts and the fungus developed rapidly and produced stro- 
mata for a considerable distance above and below the point of 
inoculation. The growth of the fungus on this tree was much 
greater than that on any of the trees which survived the wounds 
made by inoculations. The peculiar relations between this fungus 
and its host have been referred to elsewhere (8). In general it has 
been observed that tissue injured by cuts or bruises in such a way 
that it does not dry out immediately but remains in a living condi- 
tion for some time is the most favorable place for the development 
of this fungus. Such a condition is found on the stubs of cut 
limbs, on bruised or broken trunks, and especially on exposed 
roots which have been injured by tramping of cattle or by other 
means. This habit of the fungus seems to materially affect its 
distribution. 

Climatic relations 

Temperature.— Thti range of temperature favorable for the 
growth of E. gyrosa in artificial media seems to be almost identical 
with that of E. parasitica (8). The writer has recently demon* 
strated (10) that during the years ending in May and August,- 

* The inoculations and some of the observations at this point were made, by 
G. F. Gravatt. , , / 
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1915, Endothia parasitica made almost tu'ice the lateral growth 
on Castanea de?itata in Virginia that it made in New England* 
This difference in growth is closely correlated with the difference 
in temperature of the two regions. It seems very probable, 
therefore, that the more favorable temperature of the Soiitherii 
States favons the more abundant growth of E. gyrosa in that region. 

A comparison of the map (Fig. i) of the distribution of E. 
gyrosa with climatic maps shows certain general correlations. 
Much of the region where E, gyrosa is most abundant lies south 
of the isotherm of 6,000 temperature summation and the closely 
similar isotherm of 600 temperature efficiency as calculated by 
the Livingstons (7). Much of the region where E.^ gyrosa is most 
abundant lies within or south of the area of eight months (April 
to November) vegetation, as mapped by Zon (12). 

It is significant, however, that the area in which £. gyrosa is 
abundant does not agree closely with any of these lines. The 
fungus is abundant considerably north of the line of 600 tempera- 
ture efficiency in Kentucky and southern Indiana but falls far 
short of this isotherm^ in eastern Virginia. The same relation 
exists betw^een the area in which E. gyrosa is abundant and the 
isotherm 10,000 as given by Livingston (6) in his chart based on 
physiological summation indices of temperature efficiency for 
plant growth (6, /. 2), Similarly, the northern limit of the area 
of abundance coincides closely with the limit of eight months 
vegetation in Virginia, but runs well toward the middle of the area 
of seven months vegetation in Kentucky and Indiana. Moreover, 
as has been stated above, the temperature of New England in the 
region of six months vegetation is evidently sufficient for the 
growth of £. gyrosa under some circumstances. 

On the other hand, Endothia gyrosa is not , perceptibly more 
abundant in the areas of nine to twelve months vegetation, i. e., 
southern Mississippi, Alabama, and Florida, than it 'is in certain 
portions of the area of seven months vegetation, i. e.,^ Kentucky 
and southern Indiana. It would seem then that temperature^ 
alone is not, very significant in determining 'the"abundance; of 'thfe 
fungus. ' ' , ' , . V ^ 

Precipitation*— One^ of the most important climatic factors 
influencing the,' abundance, of 'JS. gyrosa in the Southern States is 
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probabl}^ the greater rainfall, especially during the growing season^ 
The rainfall of the eastern United States during the growing vseason 
is given by Henry (5). In general, the area where E. gyrosa is 
abundant is largely in or south of the region of twenty- five inches 
rainfall, April to September, inclusive. An exception to this is 
found in Tennessee, Kentucky and southern Indiana, wdiich are 
well outside the area of twenty-five inches rainfall, but where E. 
gyrosa is fully as abundant as in the region of over thirty inches 
rainfall. 

The striking fact has recently been pointed out by Ward (ii), 
that in the eastern United States no sudden changes in climate are 
met with in going from north to south, but the transitions are 
ever^-Avhere slow and gradual. On the other hand, there is a 
fairly definite line of demarcation between the area in which E» 
gyrosa is abundant and the area where it is rare. This seems to 
indicate that factors other than temperature and rainfall markedly 
affect the prevalence of this fungus. 

That E. gyrosa is abundant in southern Indiana where the 
climate is both drier and cooler than in most regions where the 
fungus is commonly found, seems to be due to greater opportunity 
for infection. As has been pointed out in an earlier paper (8), 
southern Indiana is a stock-raising region where pastures contain- 
ing beech trees are numerous. Nearly all of the collections of £. 
gyrosa in this region were found in such pastures on the roots of 
beech which had been injured by cattle. The importance of such 
opportunity for infection is emphasized by the condition found 
at Columbiana, Ohio, in June, 1913. This locality is several 
hundred miles outside the area in which E. gyrosa is commonly 
found in abundance, yet in a single pasture where there were 
from fifteen to twenty large beech trees many of whose roots were 
exposed and had been injured by trampling of cattle, the writer 
found this fungus abundant in more than twenty small patches. 

Opportunity for infection 

Field observations have convinced the writer that opportunity 
for the infection of its hosts is of the greatest importance in deter- 
mining the prevalence of E. gyrosa and that the greater abundance 
of E. gyrosa in the southern states is largely accounted for by the 
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greater opportunity for infection in that region, aided by more 
favorable temperature and more abundant rainfall. Other things 
being equal, the more frequent the occurrence of places favorable 
for its growth the more abundant a fungus will become. This 
process is cumulative, for the more prevalent a fungus the more 
completely it will occupy the available places of infection. 

Greater opportunity for infection in the south is due to the 
greater number of host species and to the greater importance of 
these species relative to other trees. And especially to greater 
opportunity for the infection of individual hosts from injuries due 
to different climatic, soil and cultural conditions. 

Host relations 

Endothia gyrosa is found commonly in the United States on 
hosts of four genera: Castanea^ FaguSy Liquidambar, and Quercus 
— least abundantly on Casianea, most abundantly on Quercus — 
the collections made in the work already referred to (8) being in 
the following numbers: Castanea, i8; Fagus, 47; Liquidambar, 
49; Quercus^ 158. Actually the fungus is much less frequent on. 
Casianea than is indicated by these figures, since the eighteen 
collections represent all the cases in which E. gyrosa was found on 
Casianea^ vrhile the number of collections on the other hosts 
represent simply a fe-w specimens from each locality visited and 
could have been increased many times. 

EndotMa gyrosa has been collected by Dr, Shear and the writer 
on the following species of Quercus: Q. alba L., Q. coccinea Muench., 
Q, digitata (Marsh.) Sudworth, Q. georgiana Curtis, Q, imhricaria 
Michx,, Q. marilandica Muench., Q. nigra L., Q. phellos L., Q, 
Printis L,, Q, rubra L., Q, velutina Lam., Q, virginiana Mill. 
From the first, however, it was obvious that the fungus was more 
abundant on the various species of black oaks than on the species 
belonging to the white oak section of the genus. Of the 158 
specimens from all parts of the United States which were collected, 
eighty are known to be on species of black oak, nineteen on species 
of white oak. The specimens, for which the host species is not 
given, are apparently divided in about the same ratio. These 
unidentified specimens are diiefly from the southern states where 
the collecting was done largely in midwinter. 
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Ranges of host species 

The maps, Figs. 2-4, show the ranges of the various host 
species: Fig. 2, the ranges of Castanea, Liquidamiar and Fagus; 
Figs. 3 and 4, the ranges of the species of Quercus on which E. 



Fig* 2. Ranges of Fagm grandifolia, Castanea deniata, and Liquidambar 
Siyfacijfua in the United States. Map prepared by W. H. Lamb, United States 
Forest Service* 


gyrosa is known to occur. A comparison of the range maps shows 
that certain of the host species, i. e,, Castanea dentata, Fagus 
grandifolia, Quercus alba, Q. coccinea, Q. falcata, Q. Prinus, Q. 
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rubra, and 12* velutina, extend well beyond the known range of 
E. gyrosa. 

In considering the prevalence of a fungus, however, not only 
the occurrence of its hosts, but their relative abundance must be 
considered. In general, a fungus will be more abundant in a given 
locality the more numerous are the favorable hosts. The fact is 
generally recognized in horticultural practice that an isolated 
plantation is more likely to 'escape disease than one close to other 
similar plantations. It is to be expected then that E. gyrosa 
would be found most abundantly where its favorite hosts are most 
numerous, and this is actually the case. 

Forest icegions 

A glance at the map of the forest regions of the United States 
issued by the Forest Service shows that the region in which E. 
gyrosa is most abundant comprises the southern forest and portions 
of the central forest. The following brief descriptions of the three 
forest regions under consideration are taken from the Forest 
Service map of the “Forest Region of the United States/’ issued 
in 1910: 

Northern forest (northern poi'tion): White, red and jack pines, 
spruces, firs (balsam), poplars and aspens, birches, tamarack. 

(Southeastern portion) : Maples, beech, birches, aspen, chest- 
nut, white, red, and scrub pines, spruces, fir (balsam), hemlocks, 
tamarack, arbor-vitae. 

Central f Of est. White, black and red oaks, hickories, chestnut, 
walnut, and butternut, yellow poplar, cherry, ashes, elms, maples, 
beech, locust, buckeyes, cottonwood. 

Southern forest. Yellow pines, white, live, red, and black oaks, 
hickories, cypresses, white cedar, juniper, red and tupelo gums, 
magnolias, bays, elms, hollies, ashes. 

In both the forest regions in which E, gyrosa is abundant, its 
favorite hosts,, white, black and red oaks (Quercus spp.), together 
with beech (Fagus), in the central forest, and led .gum {Liqmdam-^ 
bar) in the southern, are included among the characteristic species. 

In the northern forest beech is the' only host of E. gyrosa 
mentioned^ among the' characteristic trees, and' even , beech 'Only' 
in' the, southern portion. It is evident then, that though several 
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Fig. 3. Ranges of several species of Quercus in the United States. Map pre- 
pared by W. H. Lamb. 


of the host species of jE. gyrosa extend considerably north of the 
region where this fungus has been found they no longer predomi- 
nate. 

The relative importance of hosts of E, gyrosa among the nor- 
thern hardwoods is well brought out in a recent report by Froth- 
ingham (3, p. 6), in which the species comprising the northern 
hardwood forest are grouped according to their prevalence as 
characteristic, locally characteristic, or occasional. Of the hosts 
of -E. gyrosa only beech appears among the characteristic and only 
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Fig. 4. Ranges of several other species of Quercus in the United States. Map 
prepared by W. H. Lamb. 


red oak among the locally characteristic species. It is suggestive 
that in only one locality. Central Michigan, has E. gyrosa been 
found in the northern forest, especially as that region in New 
York, Pennsylvania, Maryland, and adjoining portions of West 
Virginia has been the scene of much recent collecting in connection 
with work on chestnut blight. There seems to be no climatic 
reason why E, gyrosa should not occur on beech in the northern 
states of New England, and the writer believes it may yet be 
found there. Host relations alone would, however, prevent its 
becoming prevalent. 

Soil relations 

Within the Central and Southern Forest Regions where its 
hosts are abundant, the relative amount of opportunity for infec^ 
tion is greatly influenced by soil and cultural conditions. As has 
already been mentioned, exposed and injured roots of Fagus and 
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Quercus are by far the most favorable places for infection of 
gyrosa. In the southern states climatic and cultural conditions 
combine to make such exposed roots very much more common 
than in the northern states. 

Erosion 

The difference in soil erosion alone would largely account for 
the much greater abundance of exposed roots in the south. While 
no accurate data as to the relative erosion in various parts of the 
country are at hand, a review of the literature of the subject 



shows clearly that in the states of Virginia, Kentucky, Tennessee, 
North and South Carolina, Alabama, Georgia, Louisiana, and 
Arkansas soil erosion is a serious problem. Davis in a recent 
review (2) of the subject calls attention to the fact that throughout 
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the south erosion is worse than in other sections of the country 
and suggests that “it is probable that the climate has much to do 
with the fact that erosion is so rapid in the south. The character 
of the soil makes a marked difference in the rates of erosion under 
the same climatic conditions.” 

Snow^-cover 

The abundant rainfall of the southern states, already referred 
to, no doubt greatly increases erosion. Perhaps equally important 
is the amount of snowfall, or rather the persistence of snow-cover ^ 
since the longer the period during w'hich the ground is covered 
with snow, the shorter the period of soil erosion. 

The snowfall data of the U. S. Weather Bureau are not so 
arranged as to show” readily the period each year for which the 
ground is covered with snow in any given locality. Recently, 
however, Brooks published a discussion (i) of the snowfall of 
the eastern United States in w^hich he reviewed the previous work 
on the subject and summarized the available data- Brooks also 
maps the average snowfall for each month, the average annual 
snowfall in inches, and the average annual number of snowfall 
days in the eastern United States. From these maps it is possible 
to get a fairly good idea of the duration of snow^-cover in various 
parts of the region under consideration. 

While the total amount of snowfall does not necessarily corre- 
spond wdth duration of snow- -cover, in general those regions which 
have most snow have the longest periods of frozen and snow covered 
ground, and the shortest periods in which erosion is possible. 
Certainly soil in the region which has an average of over tw^enty 
inches annual snowfall and one inch as early as November is more 
- protected than that south of this region. Longer snow-cover 
alone would greater reduce the amount of erosion in the northern 
states as compared with that in the south. Greater erosion means 
necessarily more exposed roots and consequently more frequent 
opportunity for infection with E. gyrosa. 

CtjLTURAL CONDmONS 

The contrast between the cultural conditions of the pdrth 
and south has been frequtotly noted (4, 9). The delation of cul- 
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turai conditions to erosion is aptly described by Spillman (9, p. 260) 
as follows: 

The northern half of the country has always been more or less covered with 
various grasses. These have prevented soil erosion except in small isolated areas; 
blit in the South where a single-crop system with clean culture has been the rule, 
and where in consequence, the soils have been left bare during the winter, soil erosion 
has been an important factor, especially where the land is more or less rolling or hilly. 

The effect of the cattle industry in increasing the opportunity 
for infection and thus in all probability the abundance of the 
fungus in southern Indiana and Ohio has already been mentioned. 
i\nd from the beginning of our collecting, the unfenced public 
squares of the southern towns where stock is permitted to graze 
have proven most favorable localities for the growth of Endothia 
gyrosa. 

In brief, the writer believes that while the occurrence of E. 
gyrosa may be limited by climatic factors which are not yet deter- 
mined, its prevalence in the southeastern states is caused by the 
great opportunities for infection in that region, due to the com- 
bined influence of host, soil, climatic and cultural conditions. 


Summary 

Endothia gyrosa, ■which has a wider known range in America 
than any other - species of the genus, is undoubtedly indigenous, 
having first been collected by Schweinitz nearly a century ago. 

iVlthough found in widely separated localities in the United 
States it is abundant only in the Southeastern States. Range 
maps of this and other American species of Endothia based on two 
years’ collecting by Dr. C. L. Shear and the writer have already 
been published. 

Inoculation experiments conducted in 1914 and 1915 showed 
that E. gyrosa would under certain conditions grow and winter 
over beyond the northeastern limits of its known range as well 
as wdthin the region where it is abundant. 

These inoculation experiments emphasized the importance of 
the water supply and of the condition of the host in the growth of 
the fungus. ■ 

gyrosa grows most readily on jinjured tissue which does not 
dry out immediately but remains living for some time, such as 
stubs of cut limbs or injured roots. 
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The temperature of the Southern States is undoubtedly more 
favorable for the growth of E. gyrosa than that of the states farther 
north. 

The northern boundary of the region 'where this fungus is 
abundant does not, however, agree closely with that of any of 
the temperature regions. 

It is not perceptibly more abundant in the areas of nine to 
twelve months vegetation than it is in areas of seven months 
vegetation. 

Much of the area where E. gyrosa is abundant is in or south 
of the region of 25 inches rainfall, April to September, inclusive. 
It is, however, very abundant in Tennessee, Kentucky, and 
Indiana, where the rainfall is less than 25 inches for this period. 

Although there are no sudden changes in climate in going from 
north to south in the eastern United States, there is a fairly 
definite division into an area where E. gyrosa is abundant and an 
area where it is rare. 

This seems to indicate that factors other than climate affect 
the prevalence of this fungus. 

The chief factor in the greater abundance of E. gyrosa seems to 
be increased opportunity for infection. 

Opportunity for infection is much greater in the Southern 
States than in the Northern because of the larger number of host 
species and their greater importance relative to other species. 

Opportunity for infection is still further increased by the soil 
and cultural conditions which cause greater erosion and leave 
large numbers of roots of Fagus and Quercus exposed and subject 
to injury. 

BrrREAU OF Plant Industry, 

Washington, D. C. 
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An annotated list of the forest trees of the' Hawaiian Archipelago 

Vaughan ^IacCaughey 

The following material has been prepared as a compact and 
convenient check list to the Hawaiian arborescent flora. The 
forests of the Hawaiian Islands are remarkable for the high per- 
centage of endemic forms. Endemism is indicated in the following 
list by an asterisk (^') before the name. A second symbol (t) 
indicates that a species was undoubtedly introduced by the 
aboriginal Hawaiians from the South Pacific and has become 
naturalized. The data for each species include the scientific 
name; the Hawaiian and English names if such be possessed by the 
species; the islands of the group on which the species has been 
recorded; the vertical range of the species; its general ecologic 
status, xero-, meso- or hygrophytic; and its usual stature. 

It must be noted that many of the Hawaiian species are ex- 
ceedingly variable, and are not yet thoroughly known from the 
taxonomic standpoint. Furthermore, this variability also expresses 
itself in the stature of the plant, which in some instances ranges from 
a prostate vine to a tree of eighty to one hundred ft. Many of the 
Hawaiian trees also occur commonly as tall shrubs; in many in- 
stances the shrub habit is more prevalent than the arborescent 
habit. Considerable latitude must also be given in the matter of 
vertical range, for the islands vary greatly in elevation, as shown 
by the following 'figures: Ni'i-hau, 1,300 ft. Kau-a'i,' 5,250 ft. 
Oahu: Ka-ala, 4,030 ft, Kona-hua-nui, 3,105 ft. Molokai: 
Kama-kou, 4,958 ft., Mauna Loa, 1,382 ft.' Maui: West Maui, 
5,788 ft., Hale-a-ka-la, 10,032 ' ft Lanai, 3,400 ' ft. Hawaii: 
Kohala, 5,489 ft., Mauna Kea, 13,825 ft.; Mauna Loa, 13,675 ft., 
Hu-ala-lai, 8,269' it., Kilauea, 4,000 ft. A given species will 
occupy various' altitudes on different islands, ,and in different 
mountain ranges, as compatible with its ecologic requirements. , 

The forest flora of the, Hawaiian'; Islands has been explored 'by^ 
a long series of investigators and collectors,/ and- the ' 'present' 
list embodies/ the results of, nearly a century and a half of botaniO'' 
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research. Some of the important workers have been: Nelson, 
1778; Menzies, 1792-4; Chamisso, 1816; botanists of the United 
States Exploring Expedition, 1840; Seeman, 1848; Remy, 1853; 
Mann and Brigham, 1864-65; Wawra, 1869; Hillebrand, 1888; 
Heller, 1896; and Forbes and Rock in recent years. 

In the present list the nomenclature of Engler and Prantl is 
generally followed, and all available data have been incorporated. 
This is the first time that a comprehensive and concise check list 
of this character has been prepared, covering the Hawaiian forest 
trees. 

CYATHEACAE 

*1. CiBOTiUM Menziesii Hook. Hapu i'i’i or Hei i; Greater Tree-Fern; all 
islands; 2,000-6,500 ft.; hydrophytic; 25-40' ft.; trunks fibrous and spongy, 
used for corduroy roads, etc. 

*2. CiBOTiUM Chamissoi Kaulf. Eapti; Lesser Tree-Fern; all islands; 1,500- 
6,500 ft.; hydro- and mesophytic; 12-25 ft.; trunk as in the preceding. 

^*3, CiBOTiVM GLAUCUM Hook. & Am. Glaucous Tree-Fern; Hapu; all islands, 
rare; elevation and ecology as for C. Chamissoi; 10-20 ft. 

PANDANACEAE 

t4. Pandanus odoratissimus L. Hala or Lau-Eala; Pandanus, Screw-Pine; 
ail islands; sea-level to 2,000 ft.; mesophj^tic; 15-25 ft.; leaves and fruit used 
by natives; widely distributed throughout the Old World tropics, the islands 
of the Pacific, and most abundant in Malaysia. 

PALMAE 

=*^5. Pritchardia. Loulu; Hawaiian Fan Palm; all islands, including Nihoa 
and Laysan; sea-ievel to 4,500 ft.; hygrophytic, rarely semi-xerophytic; 
8-40 ft. ; there are at least two well defined species, P. Gaudichaudii IT. Wendl., 
and P. Martii H. Wendl.; there are a number of other forms, some of which 
will probably merit specific status when the genus has been fully investigated. 
t6. Cocos NUCiFERA L, Coconut Palm; Niu; all islands; littoral and lower 
valleys; 40-100 ft. ; mesophytic; this is the northern limit of the coconut palm 
in the Pacific; it occurs in many tropical regions and islands, particularly 
in tropical America and the Pacific. 

LILIACEAE 

’^7. Dracaena aurea Mann. Eala-pepe; bXI islands; 1,000-2,000 ft.; xerophytic: 
20-40 ft. ; wood very soft and white. 

ULMACEAE 

8, Trema AMBOiNENsis (Willd.) Blume. Oahu and Molokai only; 1,000-3,000 ft,; 

mesophytic; 20-30 ft.; very rare; abundant on many of the islands of the 
Pacific, particularly in the South Pacific. 

MORACEAE 

9. PsEUBOMORUS BRUNONiANAfEndl.) Bureau. ' A i-ai; Hawaiian False Mulberry 

all islands; 1,000-3, oooit,; xerophytic;, 20*^4:0 ft.;, wood , hard and durablei'lilte' 
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oak; occurs also in the Australasian region and was first found on Norfolk 
* Island. 

fio. Artocarpus incisa (Thunb.) Forst. XJlu; Bread-Fruit; all islands, lowlands 
and valleys, never wild ; mesophytic; 30-60 ft. ; meso- to hygrophytic ; seedless; 
widely cultivated in the tropical regions of the Old World, particularly In 
tropical Asia and Polj'nesia, 

URTICACEAE 

Urera sandvicensis Wedd. 0-puhe; all islands; 800-5,000 ft. ; meso- to hygro- 
phytic; 10-25 ft., often shrubby; a valuable fiber plant in former times. 

12. PiPTURUS ALBiDUS (Hook. & Am.) Gray. Ma-make; all islands; 1,000-4,000 
ft.; meso- to hygrophytic; 8-30 ft., usually small and shrubby; another 
valuable fiber plant in native days; reported also from Tahiti. 

SANTATACEAE 

’^13. Santaxum FREYCiNETiAisnaiM Gaud. Ili~ahi; Hawaiian Sandalwood; all 
islands; sea-level to 6,000 ft.; xero- to mesophytic, usually the former; 
highly variable, 6-50 ft. ; this and the following species furnished the Hawaiian 
sandalwood of commerce. 

**‘14. Santalum ellipticum Gaud. lU-ahi; Kauai and Oahu only; 6oo~i,8oo ft.; 
mesophytic; 18-30 ft. 

*15, Santalum pyrulariuai Gray, lli’-ahi; Kauai only; 3,000-4,000 ft.; meso- 
and hygrophytic; 35-40 ft. 

*16. Santalum hale.akalae Hillebd. lU-ahi; Mount Hale-a-ka-la, Maui, only; 
7,000-10,000 ft.; xerophytic; 15-25 ft. 

AMARANTACEAE 

***17. Charpentiera obovata Gaud. Fa-pala; all islands; 1,000-4,000 ft.; meso- 
and hygrophytic; 15-3S ft. 

^18. Nototrichium SANDWUCENSE (Gray) Hillebd.; Ku4iii; all islands; 1,000-3,000 
ft.; xerophytic; S-20 ft. 

NYCTAGINACEAE 

^ig. PzsONiA umbellifera (Forst.) Seem. Pa-pala ke-^pati; all islands; 200-2,000 
ft,; hygrophytic; i5'"30 ft.; wood soft and spongy. 

*^20. PisoKiA SANDWiCENSis Hillebd. *Pa-pala ke-pau or Aulu; all islands; 1,500- 
3,000 ft; xerophytic; 40-60 ft. 

21, PisONiA iNERMis Forst. Pa-pala ke-pau; Molokai to Hawaii; 2,000-4,500 ft.; 
xerophytic; 15-18 ft.; occurs in India, Malaysia, and the islands of the South 
Pacific. 

LAURACEAE 

^22. Cryptocarya Mannii Hillebd. HqUo; Kauai and Waianae Range of Oahu 
only; 2,500-4,000 ft.; meso- to xerophytic, intolerant; 18-30 ft. 

SAXIFRAGACEAE 

'"^23. Broussaisia arguta G^ud. Kana-awu and Pm-ha-hui; all islands; .1,0.00- 
3,500 ft; hygrophytic; 6-15 ft, often shrubby.' ' ' 

**^24. BroussaisiA'' PELLUCI0A .Gaud. Pm '* ka - n % i ; alF islands; 2,505^-6,000 ft.; 
'hygrophytic,, 6-1 5 ft,, often shrubby.' ■ '' ’ 'A'''. 
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PITTOSPORACEAE 

*25. PiTTOSPORUM GLABRUM Hook. & Am. Uo~awa; Oahu only; i,Soo-~2.50o ft.; 
meso- an4 ln*grophytic; 15-20 ft. 

*26. PiTTOSPORtLM ACAAMINATUM Manii. Ilo-aiva or Papa-he~kili; Kauai only; 
2,000-4,000 ft.; mesopliytic to semi-hygrophytic; I5--20 ft. 

-^'27. PiTTOSPORtJAi SPATHULATUM (Gra30 iManii. Ho-au'u; Oaliu oiilv; 2,000-4 , 000 
ft.; h\tgropli5’tic; 15-20 

*2S. PiTTOSPORU.M GLc.MERATUM Hillebd. Ho-mm; Oahu only; 1,500-2,500 ft.; 
lij'grophytic; 10—15 

'‘=29. PiTTOSPORUM TERMiNALioiDES Plancli. IIo-Q’iva; Maui, Lanai, Hawaii; 

1,000-7,000 fr.; xerophj’tic; 15-20 ft. 

*''30. PiTTOSPORUM CAUUiFLORUM Mann. Ho-ait'd; Kauai and Waianae Range of 
Oahu onh*; 1,000-4,000 ft.; hj'groplu’tic; 20-30 ft. 

*31. PiTTOSPORUM Hosmeri Rock. A-tt-Rja hua kiikul; Hawaii only; 2,000-5,000 ft.; 
xero- and mesopliytic; 15-25 ft. 

*32. PiTTOSPORUM GiAYANUOki Rock. Ilo-QU'a; Kauai only; 4,8or~5,ooo ft.; hygro- 
phytic; 15-18 ft. 

‘‘'33. PiTTOSPORUM INSIGNE Hillebd. Ho-aiva; Maui only; 2,000-6,000 ft.; hygro; 
phytic; 18-25 ft. 

*^'34, PiTTOSPORUM HAWAiiENSE Hillebd. Bo-awa; Hawaii only; 2,200-4,000 ft,; 
iij-groplnuic; 15-18 ft. 

’^'35, PiTTOSPORUM KAUAiENSE Hillebd. Eo-awa; Kauai oiity; 2,000-4,000 ft.; 
hygrophytic; 30-40 ft., the largest member of the genus. 

*^36. PiTTOSPORM CONFERTIFLORUIVI Gray. Ho-awa; Maui, Lanai, Hawaii; 2.000- 

5.000 ft,; li3’grophytic; 15-22 ft. 

LEGUMINOSAE 

’^•37. Acacla koa Gray. Koa; all islands, a dominant species, formerly exceedingly 
plentiful; sea-level to 6,000 ft.;niesophytic to semi-xeropliytic, also growing 
in lower rain-forests; 20-80 ft.; wood valuable, the Hawaiian Mahogany" 
of commerce; used for furniture, interior trim, etc. 

*38. Acacia koaia Hillebd. Koa-ia or Koa-oha; Molokai, Maui, Hawaii ; 1,000-3,000 
ft.; xerophytic; 20-25 ft.; wood much harder than koa; tree not abundant. 

*39 - Mezoneurum KAUAiENSE (Mann) Hillebd. or Ke'?a; all islands except 

IMoIokai and Lanai; 500-3,000 ft.; xero phytic; 20-30 ft.; wood extremely 
hard, almost black. 

MC. Sopj'oiuA cHRYSOPHYLLA (Salisb.) Seem. A/a-wifirwiV all islands except Oalui and 
Moiokai; sea-level to 10,000 ft., most abundant in upper forest zone of 
Hawaii; xerophytic; 4-40 ft., the largest trees occurring at the higher 
levels; wood very hard and durable, much used for posts. 

41. Erythrina monosperala Gaud. Wili-wili; all islands; lowdands up to 1,500 
ft; strongly xerophytic; '20-30 ft.; deciduous; wood very white and buoyant, 
soft and like cork; occurs in various island groups of the South Pacific Ocean. 

RUTACEAE 

*^43* Xanthoxylum oahuense Hillebd. Ae or Ee-a’e; OBhu only; 1,800—3,000 
ft; hygrophytic; 15-20'ft 

"^43. Xanthoxylum', hawauense Hillebd. A’e or Be-a'e; Hawaii and Mcuiit' 
Hale-a-ka-la, Maui; var. eiiriodora Rock, occurs on' Lanai and Kauai; 1,200-, - 

6.000 ft; xerophytic; 15-25 ft*' ' ■ 
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*44. Xanthoxylum glani>ulosxt>i Hillebd. A’e or He~a'e; Maui and Hawaii; 

1.000- 3,000 ft.; hygrophytic; 10-15 ft.; rare. 

*45. Xanthoxylum kauaiemse GrajL A'e or He~a'e; Kauai, Maui, Hawaii; 

1,500-4,000 ft.; meso' a3id xerophytic; 20-40 ft. 

*46. Xanthoxylum mauiensie Mann. A'e or He-a’e; all islands; 1,000-4,000 ft.; 

xerophytic or semi-mesopliytic; lo-iS ft.; highly variable. 

*47. Xanthoxylum DiPETALms Mann. A'e or He-a'e; Kauai, Oahu, Hawaii; 

1.000- 4,000 ft.; mesophytic; 20-40 ft. 

=^48. Pelea clusiaefolia GraJ^ Alani; all islands; 1,000-4,000 ft.; hyg:rophytic; 
20-30 ft, 

*49. Pelea sapotaefolia Matia. Alani; Kauai only; 3,000-5,200 ft.; hygro- 
phytic; 15-20 ft. 

=^50. Pelea waialealae Wawra. Ano~nia or Alani-wai; Kauai only; 3,000-5,200 
ft.; hygrophytic; 3-20 ft. ; often shrubby. 

*51. Pelea auriculaefolia Gray. Alani; Haw^aii only; 4,000-5,000 ft.; hygro- 
phytfc; 8-15 ft.; often shrabby. 

*^52. Pelea microcarpa Heller, Ku-kai-moa; Kauai only; 3,500-4,000 ft.; hygro- 
phytic; 10-15 ft. 

’^53. Pelea volcanica Gray. Alani; Maui, Lanai, Hawaii; 2,500-6,000 ft.; 
hygrophytic; 25-40 ft.; quite variable. 

*^S4. Pelea sandwicensis (Gaud .) Gray. Alani; Oahu only; several douhtful vari- 
eties from Kauai, Molofehand Maui; 1,600-2,500 ft.; hygrophytic; 20-30 ft. 
*f'5S. Pelea orbicularis Hillebd* Alani; Kauai and West Maui only ; 4,000-5,700 
ft.; strongly hygrophytic; S-'io ft. 

^$ 6 . Pelea kauaiensis Mann, Pilo-ula; Kauai only; 4,000-5,000 ft,; strongly 
hygrophytic; 10-16 ft. 

=*'57, PELE.A rotundifolia Gray, Alani; Oahu, Ko’o-Iau Range only; 1,800-2,500 
ft.; hygrophytic; 10-18 ft,; often shrubby. 

Pelea molokaiensis Hill«hd. Alani; Oahu, Molokai, and West Maui, most 
abundant on Molokai; i ,000-4,000 ft.; hygrophytic; 15-20 ft. 

'*'59, Pelea macropus Hiilehd. Alani; Kauai only; a variety occurs in the Kohala 
Mountains of Hawaii; 3^000-4,000 ft.; hygrophytic; 12-18 ft. 

^60. Pelea anisata Maun. Jd^ki-ha^ia; Kauai only; 3,000-4,000 ft. ; hygrophytic; 
18-24 ft.; a-ll parts ver)’' fragrant. 

=*'61. Pelea Wawraeana Rock, Alani; Oahu only; 2,000-3,000 ft.; hygrophytic; 
10-15 ft. 

’*'62. Pelea multiflora Rock, Alani; Maui, leeward slopes of Hale-a-ka-la, only; 
2,600-3,000 ft.; xerophytic; 30-40 ft. 

*63. Pelea Knudsenii Hillebd . Alani; Kauai only; 1,500 ft. ; xerophytic; 25-30 ft« 
*64, Pelea barbigera (Gray) Hiilebd.; Alani; Kauai only; 3,600-4,000 ft.; hygro- 
or inesophy tic; 1 0"*i S' ft. ; often shrubby. 

*65, Pelea elliptica (Gray) Hillebd. Alani; Oahu, Molokai, and Maui; r.ooo- 
3,500 ft.; iO“L5 ft,; oftesi shrubby- 

*66. Pelea cinerba,, (Gray) Hillebd. Alani or Ma-^nena; Oahu, Maui, Lanai, and 
Hawaii; 1, 500-4, 000, ft; xerophytic; 10-35 ft. 

*67. Platydesma CAMPAHULAlxm Mann. Pilo kea; all islands except Molokai' 'Rnd, 
Lanai; 1,500-4,000 ft; hygrophytic; 6-20; ft; very ' variable,, .and often 

s'hmbby.' ' '■ ■ ■ ' ■ ■ ' " ' 
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EUPHORB I ACE AE 

^68. NEOWATOAEA’’pH’iXLANTHOiDEsRock.; Hawaii oiily; 2,000 ft.; xeropliytic; 30-» 
35 ft,; excessively rare; wood black, heavy. 

*69. Antidesma platyphyllum Mann. Hame or Ba'a; all islands; 1,500-3,000 ft.; 
liygro- and mesophytic; 20-30 ft. 

*70, Antidesima PULViNATiTM HUlebd.; Me~hame or Ba’a; all islands; 1,000-3,000 
ft,; strongly xerophytic; 15-20 ft, 

*71. Ceaoxylon sandwicense Mull.-Arg.; Po-ola; all Islands; 1,000-2,500 ft®; 
xerophytic; 15-20 ft. 

1*72. Aleurites moluccana (L.) Willd. Kukui; abundant on all the islands; a 
dominant species in the lower forest zone, sea-level to 2,200 ft.; meso- and 
hygrophydic; 30-80 ft.; this is the Candle-nut or Wood-Oil tree of the South 
Pacific; abundant in Malaysia and the islands of the South Pacific Ocean. 
*73. Euphorbia lorifolia (Gray) Hillebd.; Koko or A-koko; Molokai to Hawaii; 

1,000-3,000 ft. ; strongly xerophytic; 10-25 ft.; one variety is very laticiferous® 
*^74. Euphorbia Rockii Forbes. Oahu only; 2,000-2,500 ft.; hygrophytic; 15-20 
ft., often shrubby. 

ANACARDIACEAE 

75. Rhus semialata sanpwicensis (Gray) Engler. Nene4eau or lNe4eau; 
Hawaiian Sumach; all islands; 600-2,000 ft.; mesophytic; 15-25 ft.; stolonif- 
erous, forming clumps; the range of the typical form of R. semialata Murr, 
extends from the Himalayas to China and Japan. 

AQUIFOLIACEAE 

*76. Ilex sandwicensis (Endl.) Loes. Ka-wau or Ai^ea; all islands; 2,000- 

5.000 ft.; hygrophytic; 15-40 ft. 

CELASTRACEAE 

’*'77. Perrottetia sandwicensis Gray. Olo-mea or Wai-mea; all islands; 1,000- 

6.000 ft.; hygro- to xerophytic; 10-20 ft., often shrubby. 

SAPINDACEAE 

78. Sapinbus Saponaria L. A’e or Ma-neU; Maui and Hawaii; 3,000-4,500 
ft.; mesophytic; 50-80 ft.; deciduous; indigenous to tropical America, but 
occurring on various island groups of the Pacific. 

*79. Sapinbus oahuensis Hillebd.; Aulu, Ka-ulu, or Lono^mea; Kauai and Oahu 
only”; 700-1,500 ft,; mesophytic, 20-30 ft. 

^So. Alecxryon macrococcus Radik.; 'if all islands, but very rare; i,ooo- 

3.000 ft.; xerophytic; 20-25 ft. 

81. Dodonaea viscosa L. A*aliH or A’a4i'i kii-ma*ktm; all islands; 800-9,000 
ft.;' hygro- to xerophytic; 15-25 ft.; a cosmopolitan species, occurring in 
tropical and subtropical regions throughout the world. 

*82., Bobonaea eriocarpa Smith. A’a4i’i ku-ma-kiia; Kauai, Maui, ^ Hawaii, 
2,odo-S,ooo ft; xerophytic; 8-20 ft.; often shrubby.' 

RHAMNACEAE 

CO'LUBRINA OPPO'SITIFOLIA Brongn. Kmt4la; Hawaii only; 2,000 ft.; meso- 
to xerophytic; 25-40 ft.; wood very hard; red. 

84. Alfhitoniaexcelsa (Fenzl) Reiss. Kau-ila or O’a; all islands; 2,000^3,000 ft. ; 

, xerophytic, sometimes mesophytic; 40-80 ft.; wood, very hard and heavy, ted 
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with black streaks; a highly variable species, occurring in Malaj'sia, Austral- 
asia, and other islands of the Pacific. 

ELAEOCARPACEAE 

*^85. Elaeocarpus bifidus Hook. & Am. Kalia; Kauai and Oahu only; 2,000™ 
4,000 ft.; strongly hygrophytic; 20-40 ft. 

MALVACEAE 

t86. Hibiscus tiliaceus L. Haii; all islands; abundant littoral and lowland tree; 
mesophj-'tic; 20-30 ft.; forming extensive horizontal jungles by decumbent 
rooting branches; a cosmopolitan species, occurring in warm countries 
throughout the world. 

*^87. Hibiscus Arnottianus Gray; Kokia keo-keo; ail islands; 1,000-2,500 ft.; 
hygrophytic; 15-30 ft.; beautiful white flowers. 

*88. Hibiscus waimeae Heller. Kokia keo-keo; Kauai White Hibiscus; Kauai 
only; 2,000-3,000 ft.; hygrophytic; 20-30 ft.; showy white flowers. 

*89. Hibiscus kokio Hillebd. Kokia ula or Pu-alo-alo; Native Red Hibiscus; all 
islands; rare; 300-2,000 ft.; hygrophytic; 8-40 ft., often shrubby; fiow^ers rich 
red. 

*90. Hibiscadelphus Giffardianus Rock, H. Wilderianus Rock, and H. huala- 
laiensis Rock. Hau kuahiwi; Hale-a-ka-la and Hawaii, excessively rare, only 
one or a few trees of each species, practically extinct, and of no economic 
value; 3,000-4,200 ft.; xeroph3rtic; 15-20 ft. 

tpi. Thespesia populnea (L.) Corr. Milo; common littoral tree on all the islands; 
mesophytic; 30-40 ft.; a fine cabinet-wood; a cosmopolitan littoral species, 
occurring in tropical Africa, Asia, and Oceanica. 

*92, Kokia Rockii Lewton. Kokio; Native Red Cotton Tree; Hawaii only, ex- 
ceedingly rare; 2,000 ft.; xerophytic; 12-15 -K. drynarioides (Seem.) 

Lewton has now become extinct in the wild state; for many years it had been 
excessively rare. 

THEACEAE 

*93. EuRYA SANDWiCENSis Gray. A-nini or Wa-nmi; all islands; 1,500-6,000 ft.; 
hygrophytic; 15-20 ft., often shrubby. 

GUTTIFERAE 

t 94 . Calophylbum iNOPHYLLtmi L. Ka-mani; a common littoral tree on all the 
islands, also in the lowlands; mesophytic; 50-60 ft., valued for its wood and 
oil; abundant in tropical Asia, Malaysia, and islands of the South Pacific. 

FLACOURTIACEAE 

*95. Nylosma hawaiiense Seem. Ma~ua; Kauai and Oahu only; 1,500-3,000 ft. 
meso- or senii-xerophytic; sometimes hygrophytic; 15-30 ft. 

*96. Xylosma Hillebranmi Wawra; Ma-ua; all islands except Kauai and Oahu; 
1,000-4,500 ft.;' xerophytic; 10-15 ft, 

THYMEtAEACEAE : ; 

*97. WiicsxROEMiA OAHUENSis (Gray).''Ro0fc.' Akia; Oahu only^6o0'-3,ooo it*;' ; 
hygrophytic; 2-15 ft,, smaif shirub'at lower levels, arborescent 'at higher'- 

levels, - ' ' ' ' ■ i 

*98. WiKsxROEMiA 'SAJSTBWiCBNSiS Meissu: ,' Aki ^; Hawaii ^ ouly; 3,000“-S,000 ft.; 
meso-' 'to .xerophytic; ;6-i5 'ft. , 'ii'''/-:'..''' 'Vi,''':'--' 
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*99. WiKSTROEMiA FURCATA (Hillebd.) Rock. Akia; Kauai onlj- ; 3,500-4,500 ft.; 
strongly hygropliytic; 12-15 ft. often shrubby. 

MYRTACEAE 

fioo, Eugenia malaccensis L. Ohia ai; Mountain Apple Tree; all islands, abun- 
dant in valley floors, up to 2,000 ft.; strongly hygrophytic; 30-60 ft.; fruit 
juicy and edible; a cosmopolitan species, occurring in many of the island 
groups of the South Pacific and in tropical Asia. 

*101. Eugenia sandwicense Gray. Ohia ha or Pa-ihi; all islands; 1,500-4,000 ft.; 
hygrophytic; 40-60 ft. 

*102. jMetrosideros polymorpha Gaud. Le~htia or Ohia le-hua; sea-level to 9,000 
ft., in all habitats and situations; from excessively xerophytic to excessively 
hygrophytic; stature highb;^ variable, from a prostrate vine to a tree of 100 
ft,, usually a tree of 20-50 ft.; the most abundant ti'ee on the islands, and 
exceeding the koa in timber value; wood lumbered and used for many pur- 
poses; abundant in New Zealand and Polynesia. 

’*'2: 03. Metrosiperos tremuloides (Heller) Rck. Le-hzia a-hi-hi; Kauai and Oahu; 

1.000- 5,200 ft.; strongly hygrophytic; 10-25 ft., often shrubby. 

**'104. Metrosideros rugosa Gray. Le-hua papa; Oahu only; 2,000-4,000 ft.; 

hygrophytic, on exposed summit ridges; 10-15 ft., often shrubby. 

’*'105. Metrosideros macropus Hook. & Arn. Ohia lekua; Kauai, Oahu, and 
. Molokai; 1,500-3,000 ft.; hygrophytic; 30-40 ft. 

ARALIACEAE 

*106. Tetraplasandr^v hawaiiensis Gray- Ohe; all islands; 2,000-4,000 ft.; meso- 
and hygrophytic; 40-80 ft. 

^107. Tetraplas.andra waimeae Wawra. Ohe ki-ko-ola; Kauai only; 3,200-4,000 
ft.; raeso- and hygrophytic; 30-40 ft. 

^ 108. Tetr.aplasandra WAIALE.A.LAE Rock. Kauai only, in summit bogs; 5,000 ft.; 
strongly hygrophytic; 15-25 ft. 

=^109. Tetraplasandra lanaiensis Rock. Lanai only; 2,000 ft.; mesophytic; 20 ft. 
*110. Tetraplasandra Lydgatei (Hillebd.) Harms. Oahu only; 1,500-2,000 ft; 
hygrophytic; 10-20 ft. 

’•*111, Tetraplasandra oahuensis (Gray) Harms. Oahu only; Ohe matika; 1,000- 

3.000 ft.; hygrophytic; 15-20 ft. 

12. Tetraplasandra kaalae (Hillebd.) Harms. Ohe; Oahu only, Waianae Range; 

3.000- 4,000 ft; strongly hygrophytic; 12-16 ft 

^113. Tetraplasandra meiandra (Hillebd.) Harms. Ohe; all islands; 1,000-4,000 
ft.; xero- to hygrophytic; 20-50 ft,, attaining greatest stature in arid regions. 
*‘114. Reynoldsia sandwicensis Gray; Ohe or Ohe makai; all islands; lowlands to 
1,500 ft.; xerophytic; 15-60 ft; deciduous. 

’“115. PterOtropia gymnocarpa Hillebd. Ohe-ohe; Oahu only; 1,500-2,500 ft; 
strongly hygrophytic; 15-30 ft. 

*116- Pterotropia kavaiensis (Mann) Hillebd. Ohe-roke; Kauai only; 2,500™ 

4.000 ft,; meso- to hygrophytic; 40-60 ft. 

’•^117. Pterotropia dipyrena (Mann) Hillebd. Ohe-ohe; Maui, Lanai and Hawaii; 

2.000- 4,500 ft.; xero- to hygrophytic; 20-60 ft. 

*118. Cheirodendron Gaudichaudii (DC.) Seem. Olapa; all islands; 2,000-4,000^ 
ft; hygrophytic; 30-50 ft 

’*'119. Cheirodendron PLATYPHYLLUM, (Hook. & Arn.) Seem. Zapa-lapa; Kauai ^ 
and/ Oahu, only; 3,000-5,000^ ft,.; strongly hygrophytic. '■ / 



MacCaughey: Forest trees of Hawaiian Archipelago 153 


EPACRIDACExLE 

120. Styphelia tAxMEIAMEIA (Cham.) F. Mueii. Pii-keawe or Pua-keawe; all islands; 
1,000-10,000 ft.; all habitats, from xero- to hygrophytic; shiubby at the lower, 
arborescent (lo-iS ft.) at the higher levels; known also from Tahiti and 
Eimeo of the Society Group. 

MYRSINACEAE 

*121. SuTTOXiA Kx\UAiENsrs (Hillebd.) Mez. Ko 4 ea; Kauai only; 2,000 ft.; 25-35 
ft.,: hygrophytic. 

*122. SuTTOXiA Wawraea Mez. Ko-lea; Kauai only; 3,000-4,500 ft.; strongly 
hygrophytic; 10-15 ft., often shrubby. 

*123. SuTTOXiA lanaiensis (Hillebd.) Mez. Lanai and Maui only; 1,000-2,500 ft.; 
meso- to xerophytic; 20-30 ft. 

*124. Suttonia Ferxseei Mez. Kauai only; 3,000 it.; hygrophytic; size unknown; 
very rare. 

*125. Suttonia SPATHULATA Rock. Ko-Zeu;Mamonly; 6,500 ft.; xerophytic; 15 20 ft. 

*126. Suttonia volcanica Rock. Ko 4 ea; Maui and Hawaii only; 2,000-5,500 ft.; 
strongly xerophytic; 12-20 ft. 

*126. Suttonia Knudsenii Rock, Kolea; Kauai onlj^; 3,000-4,000 ft.; strongly 
hygrophytic; 15 ft., often shrubby. 

*127. Suttonia Hillebrandii Mez. Ko-lea; Kauai and Oahu only; 2,500-4,000 
ft,; hygrophytic; 15-20 ft. 

*128. Suttonia Lessertl^na (A.DC.) Mez. Ko-lea; all islands; 1,500-5,500 ft.; 
hygrophytic; 20-60 ft.; very variable. 

%29. Suttonia sandwicensis (A.DC.) Mez; Ko-lea lau-lii; all islands; 3,000-6,000 
ft.; hygrophytic; 15-25 ft., often shrubby. 

*130. SuttonIx\ lanceolata (Wawra) Rock. Kauai only; 4,000-5,200 ft.; strongly 
hygrophytic, summit bogs only; 8-15 ft., often shrubby. 

SAPOTACEAE 

*131. Chrysophyixum POLYNESICUM (Benth. & Hook.) Hillebd. Ke'-a/if; all islands 
except Hawaii; 1,000-3,000 ft.; strong^’’ xerophytic; 20-35 ft. 

*132, SiBEROXYLON SANDWICENSE (Gray) Benth. & Hook. Ala' a or Ka-ulu; all 
islands except Hawaii; 1,000-4,000 ft.; xero- to hygrophytic, chiefly the 
former; 30-50 ft. 

*133. SiDEROXYLON Ceresolii Rock. Maui only; 3,000 ft,; hygrophytic; 20-30 ft.; 
rare. , 

*134, SiPEROXYLON RtiYNCHOSPER]vixJM Rock. Ala' a; Maui only; 1,300 ft.; hygro- 
phytic; 30-35 ft.; scarce. ' 

*135. SiPEROXYLON AUAHIENSE Rock. Ala' a; Maul and Hawaii only; 3,000 ft.; 
xerophytic; 25-40 ft. 

*136. SiPEROXYLON spathulatum Hillebd. Ala'a; Oahu, Molokai, Lanai; T,ooo- 
• 3,000 ft.; mesophytic; 12-18 ft., often shrubby, 

EBENACEAE, 

*137. Maba sandwicensis A.,DC. Liana; Hawaiian Ebony; alFisiaMs; 1,000-3,0.00' 

' ft.;' xero- to hygrophytic, chiefly the former; 30-40 ft.; wood very' hard^ ..rich: 
brown color,' ' 

*138. Maba Hillebrandii Seem., Lama; Oahu only; 1,500-2", 500 ft.; hy-grophytic; 

,20-30 'ft. ' , ^ ■ ■ , ' , ' 
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OLEACEAE 

*139. OsMANTHUS SANDWiCENSis (Gray) Knobl. Pua or Olo-piia; Hawaiian Olive; 
ail islands; 6oO’-4,ooo ft,; xero- to mesophytic, chiefly the former; 30-60 ft.; 
wood very hard. 

LOGANIACEAE 

*140. Labordia molokaiana Baillon. Ka-jftaka^hala; Molokai; 3,000 ft.; sti'ongly 
iiygrophytic; 30 ft. 

*141, Labordia membranacea Mann. Ka-inaka-hala; Oahu only; 1,500-2,500 ft»; 
Iiygrophytic; 10-20 ft. 

^142. Labordia sessilis Gray. Ka-maka-hala; Oahu onty; 1,000-3,000 ft.; strongly 
Iiygrophytic; 10-35 ft., often shrubby. 

^143, Labordia tinifolia Gray. Ka-maka-hala; Kauai to Maui; 1,000-3,000 ft.; 
meso- to xerophytic; 15-20 ft,, often shrubby, 

APOCYNACEAE 

***144. Pteralyxia aiACROCARPA (Hillebd.) Schum. Ka-ulu; Oahu only; hygro« 
phytic; 1,000-3,000 ft.; rare; 15-25 ft. 

^145. Rauwolfia SANDWICENSIS A.DC. Hao; all islands; 1,500-2,500 ft.; meso- to 
Iiygrophytic, sometimes xerophytic; 15-20 ft., often shrubby. 

*^146. OcHROSiA SANDWICENSIS Gray. all islands; 1,000-4,000 ft.; xero- to 

mesophytic; 10-25 ft., often shrubby. 

BORRAGINACEAE 

ti 47 . CoRDiA SUBCORDATA Lam. Kou; all islands, formerly an abundant littoral tree ; 
now very rare; mesophytic; 15-50 ft.; wood with beautiful grain, formerly 
prized by the natives; occurs in the Indian and South Pacific Oceans and 
throughout Polynesia. 

SOLANACEAE 

^148. NoTHOCESTRUAt LONGIFOLIUIVI Gray. Ai-ea; all islands; 1,000-5,000 ft.; hygro- 
phytic; 10-20 ft , often shrubby. 

^149. Nothocestrum breviflorum Gray., Ai-ea; tiawaii only; 2,000-2,800 ft.; 
xerophytic; 30-35 ft; wood very soft. 

*150. Nothocestrum latifolium Gray. Ai-ea; all islands except Hawaii; 1,500- 
3.000 ft.; xerophytic; 20-30 ft. 

*151, Nothocestrum subcordatum Mann. Ai-ea; Kauai and Oahu only; 1,500- 
3,500 ft.; meso- to hygrophytic; 25-35 ft. 

♦152. SoDANUM Carterianum Rck. Fua-nana-ho-fuia; Oahu only; 1,500 ft,; 
hygrophytic; 15-20 ft.; exceedingly rare (one tree). 

MYOPORACEAE 

=*^153. Myoporum sandwicense (ADC.) Gray. Naio; Bastard Sandalwood'; all 
islands; a very plentiful forest tree, from sea-level to 10,000 ft.; xero- to 
hygrophytic, chiefly the former; stature veiy variable, from a shrub of 2-3 
ft. up to a tree of ft.; wood fragrant, like Santalum. 

RUBIACEAE 

*154, Gouldia axillaris Wawra. Ma-nono; all islands; 2,500-3,500 ft.; hygro- 
phytic; 20-25 ft.;, variable. 

* 155 » Gouldia blongata Heller, ^a-nono; Kauai; 2,000 ft.; 'hygrophytic; 

itt often 'Shrubby. - ^ ^ ■ 
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*156. Gouldia mCROCARPA Hillebd. Ma-nono; Kauai and Oabu only; 2,000-4,000 
ft.; liygropliytic; io--20 ft. 

*157, Gardenia Brigham Mann. Na'ti; all islands; 1,000-3,000 ft.; xerophytic; 
lO-iS ft., often shrubby; flowers fragrant. 

*158, Gardenia Remyi Mann. AVu’zi; all islands; 1,000-4,000 ft.; hygroplij^-tic; 
20-40 ft.; flowers white, fragrant. 

159. Plectroxia odorata (Forst.) F. Miill. Ala-hee or Wala-hee; all islands; 
600-2,200 ft., abundant; xero- to mesophytic; 6-20 ft., often shrubby. 

*160, Bobea elatior Gaud. Aha-kea; Kauai, Oahu, JMoIokai, Hawaii; 1,000- 

4.000 ft.; hygrophytic; 25-40 ft.; -wood yellow. 

*161. Bobea Hookeri Hillebd.; Aha-kea; Oahu, Molokai, Maui, very rare; 1,000- 

3.000 ft.; 25-35 ft.; hygrophytic. 

*162. Bobea sandwicensis (Gray) Hillebd. Aha-kea; West Maui, Molokai, Lanai; 
1,000-2,000 ft.; 15-25 ft., often shrubby. 

^163. BobExV timonioides (Hook, f.) Hillebd. Aha-kea; Hawaii only; xerophytic; 
800-2,000 ft.; size unknown; very rare. 

*164. Bobea Mannii Hillebd.; Aha-kea; Kauai only; 2,000-3,000 ft.; hygro- to 
mesophytic; 20-30 ft. 

^165. Straussia kaduana (Cham. & Schlecht.) Gray. Kofikokea; Oahu, Molokai, 
Lanai; common, variable; 1,000-3,000 ft. ; hygrophytic; 10-20 ft., often shrub- 
by. 

%66, Straussia longissima Rock. Ko~piko; OdJaxL only; 1,000 ft,; hygrophytic; 
12-20 ft.; rare. 

*167. Straussia onocarpa Hillebd.; Kopiko; Kauai, Maui, Lanai; 1,000-3,000 ft.; 

hygrophytic; 25-50 ft.; varieties occur on Molokai and Hawaii. 

=^168. Straussia Fauriei L6vi. Ko-piko; Oahu and Lanai; 2,000-3,000 ft.; hygro- 
phytic; 10-15 ft. 

%69. Straussia leptocarpa Hillebd.; Ko-piko; Maui only; 2,000-3,000 ft.; xero- 
to mesophytic; 15-20 rt. 

Straussia Mariniana (Cham. & Schlecht.) Gray; Ko-piko; Kauai, Oahu 
Maui; 2,500-3,500 ft.; hygrophytic; 10-20 ft. 

*171. Straussia hawaiiensis Gray. Hawaii only; Ko^piko; 2,000-4,000 ft.; meso- 
to hygrophytic; 20-35 ft. 

*172. Straussia Hillebrandii Rock. Ko~piko; Hawaii and Molokai; 2,000-4,000 
ft.; hygrophytic; 15-20 ft. 

%73, Psychotria hexandra Mann. Kauai and Oahu; 1,000-3,000 ft.; hygro- 
phytic; 15-20 ft. 

*^174. Psycotria grandiflora Mann. Kauai only; 2,000-3,000 ft.; hygrophytic; 
T5~20 ft., often shrubby. ' 

*^175. Psychotria hirta (Wawra) Heller; Kauai only; 2,000-3,000 ft.; hygrophytic; 
10-20 ft.,, often shrubby. 

^176. COPROSMA MONTANA Hillebd. Filo; Kauai, Maui, and Plawau; 4,000-10,000 
ft.; xero- to hygrophytic; 3-20 ft., variable, often shrubby, sometimes' 
prostrate. , ^ ^ 

*177. CoPROsMA RHYNCOCARPA Gray; Hawaii only; 3,000-6,000 ft.*,; meso- to 
hygrophytic; 15-20 ft., often shrubby. , 

*178. CopROSMA VoNTEMPSiCYi Rock. ' PUo; Maui'Only; 4,000 'ft.; 'hygrophytic; 

, 15-20 ft.;, precinctive. ' ','V 

^179. CoPROSMA Gray 4 na Rock.,' Hawaii ohly; 3,000 ft,; hygrop^iytic; 30-25 ft.; 

, ' precinctiye.; > ‘ ■ ‘V a'/ 
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*iSo. CopROSMA PUBEKS Gray. Pilo; all islands; 2,000-5,000 ft.; hygrophj^tic; 
10-20 ft,, often shrubby. 

*iSi. CoPROSMA KAUAiENsrs (Gray) Heller. Koi; Kauai only; 2,000-3,000 ft.; 
hygrophytic; 15-20 ft-, often shrubby. 

*182. CoPROSMA WAiMEAE Wawra. Olena; Kauai only; 3,500-4,000 ft; hygro- 
phytic; 15-20 ft. 

*183. CoPROsaiA LONGIFOLIA Gray. Pf/o; Kaui, Oahu, Lanai, Hawaii; 1,000-4,000 
ft.; hygroph^'tic; 15-20 ft., often shrubby. 

tiS4. Morinda citrifolia L. iVowf; all islands, lowlands, around native settle- 
ments; meso- to xerophytic; 15-25 ft.; occurring also in Asia and Australia. 
*185. I^Iorijtda trimera Hlllebd. JVom hiia-Mwa; Oahu, Maui, very rare; 2,000- 

4.000 ft.; hygrophytic; 15-30 ft. 

CAMPANIXACEAE 

"^■187. Clermontia gr.\kdiflora Gaud. Molokai, Maui, Lanai; 2,000-5,000 ft.; 
h^^grophytic; 6-18 ft., often shrubby. 

*i8S. Clermontia brepanomorpha Rock. Hawaii only; 4,000-5,000 ft.; strongly 
hygrophytic; 12-20 ft. 

HSg, Clermontia persicaefolia Gaud. Oahu only; 1,000-4,000 ft.; hygrophytic. 
12-18 ft., often shrubby. 

’^'190. Clermontia oblongifolia Gaud. Oahu, Molokai, Maui; i, 000-4, oot> ft,; 
hygrophytic; 15-25 ft., often shrubby. 

**'191. Clermontla kohalae Rock. Hawaii only; 1,500-2,500 ft.; hygrophytic; 
15-18 ft. 

*192. Clermontia leptoclada Rock. Hawaii only; 4,000-4,500 ft.; strongly h/gro- 
phytic; 18-20 ft. 

*^193. Clermontia hawaiiensis (Hillebd.) Rock. Hawaii only; 3,000-5,000 ft.; 
hygrophytic; 15-25 ft., often shrubby. 

*194. Clermontia Gaudichaudii (Gaud.) Hillebd. Ha-ha; Kauai only; 3,500- 
4,500 ft.; strongly hygrophytic; 15-25 ft., often shrubby. 

Clermontia Peleana Rck. Hawaii only, veiy^ rare; 3,800 ft.; hygrophytic; 
20 ft,; precinctive. 

♦196. Clermontia arborescens (Mann) Hillebd. Molokai, Maui, Lanai; 2,000- 
4,500 ft,; hygrophytic; 15-25 ft. 

’5*197. Clermontia tuber culat A Forbes. Maui only; 5,000 ft.; hygrophytic; 12-15 
ft.; very rare, precinctive. 

*198. Clermontia coerulea Hillebd. Hawaii only; 1,800-4,500 ft.; hygrophytic; 
15-20 ft. ; abundant. 

^199. Clermontia ' Hjvleakalensis Rock. Hale-a~ka-la, Maui, only; 7,000 ft.; 

strongly hygrophytic; 10-20 ft.; very precinctive and rare,. 

^200. Cyanea arborea (Gray) Hillebd. Maui only, practically extinct; 4,000- 

5.000 ft., meso- to xerophytic; 12-25 ft., only one tree known. 

*201. Cyanea leptostegia Gray. Ha-ha-hia; Kauai only; 2,000-4,000 ft.; meso* 
phytic to semi-hygrophytic; 20-40 ft. 

GOODENIACEAE. 

=5*202. SCAEVOLA Chamissoniana Gaud. Nau-paka; all islands; 800-5,000 ft. by-, 
grophytic; 15-20 ft., often shrubby. , 

’5*203, ScAEVOLA GLABRA Hook. & Am. Ohe-nau-paka; Kaui, Oahu, West Maui; 
3,000-5,000 ft.; strongly hygrophytic; 10-20 ft., usually shrubby. 
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*204. ScAEVOLA PROCERA Hillebd. Naii-^aka; Kauai, Molokai, Maui; 2,ooo-"4,ooo 
ft.; hygrophytic; 12-16 ft., usually shrubby. 

COMPOSITAE 

*205. Dubautia flantaginea Gaud.; Nae-nae; all islands; 1,800-6,000 ft.; Iiygro- 
phytic, sometimes semi-xerophytic; lo-iS ft. 

'*''206. Raillardza arborea Gray. Nae~nae; Hawaii, Mauna Kea only, rare; 

7.000- 11,000 ft.; xerophytic; iS-20 ft., often a small shrub. 

*207. Raillardia struthioloides Gray. Nae-nae; Hawaii, Mauna Kea only; 

7.000- 11,500 ft.; xerophytic; 18-25 often a small shrub. 

*208. Raillardia Menziesii Gray. Nae-nae; Maui, Hale-a-ka-la only; 6,000- 
10,000 ft.; xerophytic; 15-22 ft., often a shrub. 

*209. Hesperomannia arborescens Gray. Hawaiian Tree Thistle; Oahu and 
Lanai, evidentl}?- becoming extinct; 2,000-3,000 ft; hygrophytic; 10-20 ft. 
*210. HESPERomNKiA Lydgatei Forbes; Kauai only, ver^-’ rare; 3,000 ft.; hygro- 
phytic; 10-20 ft. 
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The Upper Cretaceous of the Western Gulf area contains 
littoral sand beds of a magnitude great enough to be considered 
formational units. These are not restricted to a narrow horizon 
and the belief has been frequently expressed and is apparently 
probable that these sand formations are the time equivalents of 
several marine formations that are differentiated elsewhere in this 
area. The Woodbine sand of northeastern Texas is a case in 
point and another example is furnished by the Bingen sand of 
southwestern Arkansas. Both are without marine fossils so far 
as known and both contain fossil plants, those of the Woodbine 
sand having been reAuewed by mef in 1912 . 

Recently Mr. H. D. Miser, of the United States Geological 
Survey, has sent me several small collections of fossil plants from 
the Bingen sand. These are, so far as I know, the first fossil 
plants collected from the ■ Bingen sand. While the material is 
poor and not greatly varied, a number of species are determinable 
and these, while not as conclusive as might be wished, nevertheless 
shed considerable light on the correlation of the formation., Mr. 
Miser is to, be congratulated for the care with -which "he 'has 
collected from such unpromising material. 

The Bingen sand w^as na’med by Hill "in i888J from the town 

,[The Buleetin for March (44: 117-^166. pL 4-6) was issued March 37, ,1917.1 , , 

^ The ,last previous contribution of this series' appeared In the Bull. Torrey ' Club 
43 : 283-304* rd. '1916* 

,t Berry, E. W. No. VIII of ■this series. Bull. Torrey Club' 39:,'3S7'*4b^*'"''#?* 
30-32, 1912. ' ,/'v ; ' ■" . ^ I ' 'I 

I Hill, R. T. , Ana. R'epL Qe:ol, Surv. Arhansastor 1888,. 3,: '56^58,' ' 

' ' ■ ■: A 167 ■ 
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of Bingen in linnpstead County, Arkansas. It comprises near 
shore \iittoral and estuarine’: deposits ot gravels and wliite to 
brown sands and clays considerable Iignitic iiiateria-l and 

occasionaih* fairly well preserved fossil plants. It outcrops in a 
nearl}” east and west direction commencing at the Ouachita River 
and showing ist/iaied patches along the edge of the Paleozoic rocks 
in Clark County. Except where it is cut out by river bottoms it 
forms an alrnctst continuous sheet across Pike, Hempstead, Howard 
and Sevier Comities, k'eatcnd-' who mapped this area in 1902 and 
iCjOt, dearly recognized that while the Bingen sand of south- 
western Arkansas was the lithologic counterpart of the Woodbine 
sand of northeastern Texas it was the chronological equivalent of 
not only more or less of the Woodbine but of a considerable 
portion of the overlying Upper Cretaceous, including at least all 
of the Eagle Ford formation of the Texas region and possibly the 
Austin and the earlier part of the Browiistown formation. Mr. 

ill Iiis recent work in the Caddo Gap and De Queen quad- 
rangles proposes to distinguish a lower and an overlapping upper 
Bingen, both of which have furnished fossil plants, although the 
collections from both are not far from the contact of the two and 
therefore well above the base of the Bingen in the one case and 
well below the top in the other. 

The plants include twenty-seven determinable .species for the 
most part identical with well-known l!^pper Cretaceous forms, and 
a fern pinnule that I have not ventured to name. The deter- 
mined forms comprise one fern, four conifers, tivo cycadophytes (?), 
and twenty dicotyledons. The most abundant forms are Sequoia 
concimm and a new species of Dewalquea, Among the dicotyledons 
there _ are three species each of Myrica and Ficus, two each of 
SaJiv, Liriodendron and Andromeda, and one each of Dewalqiiea, 
MenispermiteSy Colutea, Leguminosifes, Manihoiites, Ohtnamomum, 
Sapmdiis and Cordta. A list of the species with their outside 
distribution is shown in the accompanying table. 

The largest collection (seventeen species) and the best pre- 
served material comes' from the Big Railroad Cut locality which 
is near the base of Mr. Miser^s upper Bingen, Considering ' the 
Bingen flora as a whole it may be noted that it contains only one 

* Veatch, A, C, U. 'S. Dept.. 'Int. GeoL Sunr, Professional Paper 46: ’•24.' ;'i9o6. 
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species — the abundant DeivaJqiiea — not known from other Upper 
Cretaceous formations of the Atlantic Coastal Plain. There are 
five species common to the little known flora of the Woodbine 
sand of northeastern Texas. Eighteen of the Bingen species 
occur in the Tuscaloosa formation of the Eastern Gulf area^ six 
continue upward into the Eutaw formation and one is found as 
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Fern pinnule . . , : ; . . . ; X 

Dicksonia groetilandica ; . . . ' X 

Sequoia condnna | X > . . . 

Sequoia heterophyUa . . ' X ; . . . 

Widdringionites snUilis : X i . . ■ 

Araucaria darUngtonensis : X 

Podozamites marginatus 1 . . , 

Potiozmniies sp. . . . ! 

Myrica cUfivoodcmis X | . . . 

Myrica longa 

Myriia c'mnamomifolia . , 

Salix Jlexuosa : X ' X 

■Salix LesqtiereicxH . : X ; X 

Ficus crassipes ; X j X 

Ficus daphnogenoides X 1 . . ■ 

Ficus ovatlfolia (?) ' 

Dewalquea insignifoimis : X 

Liriodendron Meekii X 

Liriodendron quercifolkim ; , . . 
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high as the Ripley. Eleven species are common to the Dakota 
sandstone of the Western Interior and an identical number ranges 
northward far enough to be. present in the Atane beds of western 
Greenland. Fifteen of the Bingen plants are recorded from the 
Black Creek formation of the Carolinas and there, are seventeen 
common forms in both the Raritan and Magothy .formations' of 
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the northern Atlantic coastal plain. This serves to fix the age 
of the Bingen tvithin tlie somewhat bniad limits extending from 
the Ixise of the Raritan to the base of the Ripley. The chief 
interest in the present contribiitioii is, however, the somewhat 
more definite indications of age furnished by these collections. 

The first t^vo localities, iianiely the Big Railroad Cut and 
Adams KaGlin cuts in Pike County, are definitely located by Mr. 
h User fill tlie lower part of the upper Bingen and I shall consider 
these first. A total of nineteen species are determined. Of these 
tliree occur in the Woodbine and fourteen occur In the Tuscaloosa, 
eleven in the Raritan, thirteen in the Magothy, eleven in the Black 
Creek, three in the Eutaw and one in the Ripley. Among the 
upper Bingen plants are eight that are unknown as early as the 
Raritan. This fact and the presence of the Manikotites, which is a 
characteristic Eiitaw and Ripley species, indicates that the upper 
Bingen is to be correlated with a part, presumably the upper, of 
the Woodbine, with the upper part of the Tuscaloosa and with the 
Eutaw formation of the Eastern Gulf area. 

The correlation of the upper Bingen with the Eutaw confirms 
the suggestion of Veatch that it represents the interval during 
which the Eagle Ford formation was deposited throughout the 
Texas area, and as he and other students have suggested it may 
include the chronologic equivalent of still higher formations dif- 
ferentiated in Texas. This can only be determined paleo- 
botanically by the discovery of more abundant materials from a 
number of horizons. 

The locality in Howmrd County has furnished but twelve 
species, only four of which are found in the upper Bingen. It has 
not furnished any trace of the Detmlquea which is so common and 
characteristic ,a form in the upper Bingen nor are any, of the four 
conifers of the latter represented. Forms like Myrica cinnamomi- 
folia and Liriodefidran quercifoUum, peculiar to the Raritan, indi- 
cate that the lower Bingen is to be correlated with the Raritan, 
the lower Tuscaloosa and a part, presumably the lower, of the 
Woodbine. 

The boundaries of all of the Upper Cretaceous formations of 
the Coastal Plain, determined as they have been by lithological 
differences instead of by their contained faunas or floras, overlap, 
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and the limits of the same formation are not chronologically 
coterminous when traced from local! t}* to locality, so that final 
precision in correlation must wait for the discovery and study of 
abundant paleontological materials. 

The species that have been determined from the Bingen sand 
are discussed in the following pages. This discussion is in most 
cases brief and only one or two important references to the 
literature are cited. 


FILICALES 

CYATHEACEAE 
Dicksonia Presl 
Dicksonia groenlandica Heer 

Dicksonia groenlandica Heer, FL Foss. Arct. 6-: 23. pL JS- f- p. 
1882. 

Dichsonia borealis Heer, Ibid. pi. 44. /. 2. 

Anemia stricta Newberry, FL Amboy Clays 38. pL j. /. i, 2. 1896. 

This characteristic species, which has a considerable vertical 
range in the Upper Cretaceous of the west coast of Greenland, 
is common in the middle Raritan of New Jersey’’ and also occurs 
in the lower part of the Tuscaloosa formation of western Alabama. 
It is sparingly represented in both the lower and upper Bingen in 
Arkansas. 

Occurrence: Kaolin cuts in sec. 24 T8S. R24. W, Pike 
County; Mine Creek, three and one half miles north of Nashville, 
Howard County. 


CYCADALES (?) 

CYCADACEAE (?) ' 

PoDOZAMiTES Fr. Braun 
PODOZAMITES MARGINATUS Heer 

Podozamites marginatus Heer, FL Foss. Arct. 6^: 43. pi. 16. f. xo. 
1882, 

This species was originally described from the Atane beds of 
western' Greenland. It occurs in the Raritan formation, of New 
Jersey and Maryland, in the Magothy formation of New Jersey, 
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raid is A'en'' common in the lower part of the Tuscaloosa formation 
ill western Alabama. 

Occurrence: Adams Kaolin cuts near ]\Iurfreesboro, Pike 
County. 

PODOZA^lITES Sp. 

Small fragments of a species of Podozamites occur in the collec- 
tion from the east part of Section 2, but whether they represent 
Podoza miles mart^inalus , which occurs elsewhere in the Bingen 
sand, as well as in the Tuscaloosa formation of the Eastern Gulf 
area , or some other of the numerous Cretaceous forms referred to 
this genus it is impossible to determine. 

Occurrence: Creek, three and one half miles north of 

Xashville, Howard County. 

CONIFERALES 
PINACEAE 
Sequoia Endlicher 
Sequoia heterophylla Velenovsky 

Sequoia keieropIiyUa Velenovsky, Gym. Bohm. Kreidef. 22. pL 12. 
/. 12; pL 13. /. 2-4, 6-g, 1885. 

This characteristic species, described originally from the 
Cenomanian of Bohemia, may be readily recognized by the form 
of the foliage — the fiat, lanceolate, decurrent leaves above, and 
the short and appressed leaves below. It has a wide geographical 
range as may be seen from the accompanying table of distribution. 
It has not yet been found but probably will be eventually, dis- 
covered in the Woodbine sand, since it is not uncommon in the 
Tuscaloosa beds of western Alabama. 

A considerable number of fragmentary but characteristic 
specimens have been collected from near the base of the upper part 
of the Bingen sand. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
well Spur, Pike County. 

Sequoia , coNCXNNA Heer 

Seqimia cmcinna Heer, FL Foss. Arct. 7: 13. pk 4p. f. 8b ^ c; pi, 
50.,/. ib; pi. SI, f. 2-10; pL S2. f, 1-3; pL S3, f, jb, 1883;^ 
Berry, GeoL Siir\L of New Jersey, Bull. 3: 96. 1911. 
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This species (Figs. 1-5) was described by Heer from the 
Patoot beds of Greenland and has subsequently been recorded 
from the Raritan and M ago thy formations of the United States 
and from the Emscherian of Italy. The foliage is distinguished 
with difficulty from that of Sequoia iastigiata (Sternberg) Heer. 
Sequoia ambigua Heer, and various other species. In the absence 
of well preserved cones it is doubtful if the species can be deter- 
mined. Similar foliage from the Tuscaloosa formation of western 
Alabama I have referred to Sequoia fastigiata. The reference of 
the Bingen sand material to 5 . concinna rather than to the latter 
species is due’ to the presence of cones associated with the twigs in 
the latter formation. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
w^ell Spur, Pike County. 

Widdringtonites Endlicher 
Widdringtonites subtilis Heer 

Widdringtofiites subtilis FI. Foss. Arct. 3-: loi. pL 28. f, ib. 

1874. Berry, U. S. Dept. Int. Geol. Surv. Professional Paper 
2^. pL 2,f, 14-17. 1914. 

This species was described from the Atane beds of Greenland 
by Heer in 1874. His material was, however, extremely limited. 
Subsequently it was found in considerable abundance in the 
Raritan formation of New Jersey, and still more recently Hollick 
recorded it from Marthas Vineyard and Block Island (Magothy 
formation). It may be questioned if some of the coniferous 
material described by Velenovsky from the Bohemian Cretaceous 
under other names should not be compared with the present form. 
It "is even more slender than WiMringtonites Reichii^ with much 
shorter twigs, which h*^^' the appearance of having been somewhat 
lax in habit. The leaves are usually more elongated, dose set, 
and appressed, narrowly lanceolate, straight and scalelike; they 
are said by Heer to be somewhat spread and falcate proximad. 
Reniains of this latter sort occur in the Tuscaloosa formation of' 
Alabama where they 'bear characteristic valvate cones like, those 
of the existing Widdfingkfnia. . \ 

This species, has not yet been discovered in the 'Wood'binp, sand; 
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of irexas but its reiiiains are ver}^ abundant in tlie lower part of 
the upper nieiiiber of the Bingen sand. 

Occr RRisxx'E : Big Railroad Cut, one mile southwest of Max- 

well Spiiip Pike County. 


Araucaria Jussieu 
Araucaria • darlingtonensis Berry 

Araucaria darlifigionensis Berry, U. S. Dept. Int. GeoL Surv. 

Professional Paper 84: 20. pi. j.f. i. 1914. 

Seed obovate in outline with broadly rounded apex, straight 
lateral margins, and somewhat narrowed rounded base, 1.25 cm. 
in length and 0.75 cm. in width across the widest part, 0.5 cm. 
wide at base. 

This species was based on the seed of an araucarian conifer 
from the Middendorf member of the Black Creek formation of 
South Carolina where it was associated with the foliage of Arau- 
caria hladenensis Berry. A single specimen is contained in the 
collection from the basal part of the upper member of the Bingen 
sand. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
well Spur, Pike, County. 


MYBICALES 
MYRICACEAE 
Myrica Linn6 

Myrica cliffwoodensis Berry 

Myrica clifftmodensts Berry, Bull. Torrey Club 31: 73. pk 4. f. j, 
1904. 

This species was based on small spherical fruits of the Myrica 
type from the Magothy formation of New Jersey which were 
subsequently found in the Black Creek ' formation of North 
Carolina. Similar fruits are extremely common in some of the 
pieces of clay' from the basal part of the upper member of the 
Bingen sand. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
well Spur, Pike County. 
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Myrica cinnamomifolia Newberry 
Myrica cmnarnmniJoUa Newberr^^, FI. Amboy Clays 64. pL 22, 

/. g-14. 1896. 

The finding of this species in the lower member of the Bingen 
sand is of considerable interest since it has heretofore been known 
on!}' from the middle part of the Raritan formation in the New 
Jersey area where it is not uncommon. Its reference to the genus 
Myrica is questionable. 

Occurrence: Mine Creek, three and one half miles north of 
Nashville, Howard Count>L 

Myrica longa (Heer) Heer 

Proteoides longtis Heer, Fh Foss. Arct. 3-: no. pL 2p.f. 8b; pi. ji. 

/. 4, 5. 1874. 

Myrica longa Heer, Ibid. 6“.* 65. pL iS. f. gb; pL 2g. f. 13-17; pi. 

33..f. 10; pi 41. f. 4d. 1883. 

Leaves of various sizes, linear to lanceolate in outline, with a 
stout midrib; numerous thin, ascending, camptodrome second- 
aries; entire margins, obtusely pointed apex; narrowdy decurrent 
base and long stout petioles. 

This species was described by Heer as a Proteoides and sub- 
sequently referred to the genus Myrica. It occurs in both the 
Atane and Patoot beds of Greenland, in the Dakota sandstones of 
the West, in the Magothy formation of Maryland, in the Woodbine 
formation of Texas, and is very common in the Tuscaloosa forma- 
tion of Alabama. It is sparingly represented in the lower member 
of the Bingen sand. Abroad it has been recorded'*' from the lower 
Turonian of Bohemia. 

Occurrence: Mine Creek, three and one half miles north of 
Nashville, Howard County. 

SALICALES 
SALICACEAE 
Salix Linne 

Salix flexuosa Newberry 
Salix flexuosa Newberry, Later Ext. Floras 21, , 1868., 

Salix flexuosa Berry, U. S. Dept. Int.' GeoL :Surv. Professional 

Paper 84: 32, 109. pi f.f. 14-16; pi Xi.f. i. ^ ;x9i4. 7 ' 

^ Fric, Axcliiv. Naturw, Uandes B6hm. 4: 18, 94.' '4B74. 
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Lea\''C5 narrow, linear-lanceolate in outline, equally" pointed at 
both ends, short petioled, 5-10 cm. in length and 8-13 iiim. in 
maximiiniAvkltii. I\largins entire. IMidrib stout below, tapering 
aI:fO\'e, often somcAvIiat flexuous. Secondaries more or less remote, 
about ten alternate pairs, branching from the midrib at angles 
varying from thirty-live to forty-five degrees, camptodrome, of 
fine caliber, often obsolete. 

This species was described by Newberry from the Dakota 
sandstone. Lesquereux subsequently made it one of the varieties of 
his Salix proieaefoliu, although it is obviously entitled to inde- 
pendent specific rank. It is of rare occurrence in the Raritan 
formation of New Jersey, and is preeminently a species which 
characterizes the klagothy formation froin New Jersey to Mary- 
land, and homotaxial horizons to the southward. It is recorded 
in beds of IXlagothy age from Marthas Vineyard to the Potomac 
River. It occurs' in the Black Creek beds of North and South 
Carolina, and in the IMiddendorf member in the latter state. 
Ill Georgia, while not especially abundant, characteristic leaves 
of this species are found from the base to the top of the lower 
Eiitaw formation in the western part of the state. In Alabama it 
is very common at a relatively large number of localities from the 
base to the top of the Tuscaloosa formation. It appears to be a 
common form in the Bingen sand occurring in both the lower and • 
upper members. 

Occurrence : Big Railroad Cut, one mile southwest of Max- 
well Spur; Adams Kaolin cuts near Murfreesboro, Pike County; 
Mine Creek, three and one half miles north of Nashville, Howard 
CoimtiL 


Salix Lesquereuxii Berry 

Salix proteaefolia Lesquereux, Cret, FI. 60. ph 5. /. 1-4, 1874. 

Salix Lesqueredixii Berry, Bull. Torrey Club 37: 21. 1910. 

^ Leaves ovate-lanceolate in outline, somewhat more acii- 
iiiinate above than below, variable in size, 6-12 cm. in length 
and 1. 1-2 .2 cm. in greatest width, which is usually slightly below 
the middle. Petiole stout, much larger than in Salix fl^exuosa, 
ranging up to 1,2 cm. in length. Midrib stout below, tapering 
above. Secondaries numerous, sometimes as many as tw^enty 
pairs; they branch from the midrib at angles of about forty-five 
degrees and are parallel and camptodrome. 
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This is an exceedingly variable species, and Lesqiiereux estab- 
lished several varieties of which at least one, i, e., var« lineanJoUa, 
referable to Salix fl^xiiosa Newberry. Some of Lesquereux's 
forms are distinguishable with difficulty from the latter. In 
general, Salix Lesquereuxii is a relatively much broader, more 
ovate form with more numerous and better seen secondaries and 
a longer petiole. 

This species is an exceedingly abundant Upper Cretaceous type 
in both the East and the West, ranging in the Atlantic Coastal 
Plain from the base of the Raritan formation to the top of the 
Tuscaloosa formation, and possibly through the Eutaw formation 
as well. It is abundant in the Magothy, Black" Creek, and 
Middendorf beds. In the West it is common in the Dakota sand- 
stone. It is one of the forms recorded by Kurtz from the Upper 
Cretaceous of Argentina, indicating, if the identification is correct, 
a very considerable migration during the early Upper Cretaceous. 
In Alabama it ranges from the bottom to the top of the Tuscaloosa 
formation. 

It has not yet been discovered in the Woodbine sand of Texas 
but appears to have been common in the upper member of the 
Bingen sand of Arkansas. 

Occurrence : Big Railroad Cut, one mile southwest of Max- 
well Spur; Adams Kaolin cuts near Murfreesboro, Pike County. 

URTICALES 
MORACEAE 
Ficus Linn6 

Ficus daphnogenoides (Heer) Berry 

Proteoides daphiogenoides Heer, PhylL Crfet. d. Nebr. 17. pi, 4. 

1866. 

Ficus daphmgenoides Berry, Bull. Torrey Club 32: 327. pL 21. 

1905- 

This species has been found to be quite variable in size, ranging 
in length from^ii cm. to 22 cm. and- in width from 1.9 cm. 
cm. It is usually widest in the lower half of the' leaf, althpugh' 
sometimes the base is quite narrow and the' widest part is toward 
the middle. In all unequivocal material the upper half'of 't|e'leaf 
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is narrow and is produced as a long, slender, often recurYed tip, 
Y'hicli is one of the characteristic features of the species. This 
tip is strictly comparable with the “dripping points” developed 
OH \'arious leaves in the modern tropics where precipitation is 
liea\’}L 

Ficus daplmogenoidcs is a widespread and common form ranging 
from Marthas \liieyard to Texas in eastern North America, and 
from Northwest Territor}’ to Kansas and Nebraska in the Western 
Interior. It occurs m the Woodbine sand of northeastern Texas 
and in the Tuscaloosa formation of the Eastern Gulf area. 

Occurrence : Big Railroad Cut, one mile southwest of Alax- 
well Spur, Pike County. 

Ficus crassipes (Heer) Heer 

Proieoides crassipes Heer, FI. Foss. Arct. 3^: no. pL ji. f, 6-8a. 

1S74. 

Ficus crassipes Heer, Ibid, 6-: pL i/,f, pa; pl. 24 .f.i, 2 . 1882. 

Leaves entire, narrowly lanceolate in outline, about equally 
tapering to the acuminate apex and base. Length 12-20 cm. 
Greatest width, which is in the middle part of the leaf, 1.8-2 .5 cm. 
Texture coriaceous. Midrib stout, often extraordinarily so. 
Secondaries thin, open, ascending, camptodrome. 

This species was described originally from the Atane beds of 
western Greenland, the first rather fragmentary specimens col- 
lected suggested a relationship with the genus Proteoides. Sub- 
sequently the original describer referred it to Ficus, where it 
undoubtedly belongs. Lesquereux has recorded it from the 
Dakota sandstone and it is common in the Magotliy formation of 
the northern Atlantic Coastal Plain, and in the Black Creek 
foniiation of North Carolina. It persists into the Eutaw formation 
of Georgia and is especially common in the Middendorf beds of 
South' Carolina. It is not especially common in the Tuscaloosa 
formation, and is a species which is especially characteristic of 
the post-Raritan and pre-Montana horizons of eastern North 
America. It has not yet been discovered in the Woodbine sand 
of Texas but is present in both the lower and upper members of 
the Bingen sand of Arkansas. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
well Spur; Adams Kaolin cuts near Murfreesboro, Pike County; 
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IMifie Creekj three and one half miles north of Nashville, Howard 
County. 


Ficus ovatifolia Berry (?) 

Ficus ovata Newberry, Mon. U. S. Geol. Surv, 26: 70. pk 24. J. i~j. 
1S960 Not Don, 1802-3. 

Ficus ovatifolia Beny, Bull. Torrey Club 36: 253. 1909. 

Leaves ovate in outline, extended above into a narrow, nsually 
pointed apex. Length 8-12 cm. Greatest width, which is in the 
basal part of the leaf, 4-7 cm. Base broadly rounded and in 
many specimens slightly decurrent. IMargins entire. Primaries, 
three from the base, the midrib somewhat stouter than the lateral 
primaries. Secondaries camptodrome. 

This species is closely allied to the Raritan species Ficus 
Woolsoni Newberry, differing primarily in its greater elongation 
and in the tendency of the former to a cordate outline; Ficus 
omiifoHa was described originally from the Raritan formation of 
New Jersey. It is present in the Black Creek formation of North 
Carolina and in the Eutaw formation in Georgia and Tennessee. 
The Bingen material is fragmentary and not certainly identified. 

Occurrence: Mine Creek, three and one half miles north of 
Nashville, Howard County. 


RANALES 

RANUNCULACEAE (?) 

Dewalquea Saporta & Marion 
Dewalqtiea insigniformis sp. nov. 

Leaves digitate, of probably five leaflets. Leaflets linear- 
acuminate with prominently serrate margins. Length about 12 
cm. Maximum width mostly 1-1.25 cm., at or slightly above the 
middle. Base very gradually narrowed and with entire margins 
for a distance of about 2 cm. Midrib stout, prominent on the 
under surface of the leaflets. Secondaries numerous, diverging 
from the midrib at angles of from thirty, to forty degrees, long 
ascending and eventually camptodrome, sending off small out- 
wardly directed branches to the marginal teeth. Texture cori-^ 
aceous. , [Figs, 6 , 7.] 7 

This characteristic new species with its coriaceous texture must 
have had rather stiff strict leaves in life. 'It adds 'to ,our' flora 
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aiifrdicr form oi the curious genus Deunlqnea that is such a 
striking eleineni in the Upper Cretaceous and Lower Eocene. The 
oni3r known American species that resembles this new form in any 
respect is Deiivlquea Snilihi Berry* of the Tuscaloosa and Black 
Creek formations. The latter is much larger with relatively 
broader leaOets which have less prominently serrate margins and 
partially craspedejdrome venation. 

D€\:aIqHea insigiiifonfus is, however, as its name indicates, 
very much like Dei'saJqnea insignis Hosius and V. d. Marck,t 
a prominent species in the Campanian and A'laestrichtian sub- 
stages of Europe. The latter has relatively broader, less promi- 
nently toothed leaflets, sometimes as many as seven in number, 
and the venation is said to be craspedodrome. The latter is, 
liowever, a character of slight value since entire and toothed 
leaflets generally occur together and I imagine that Dewalquea 
hi sign 'Is is mereh’ a serrate form of the associated Dewalquea 
haidemk'Hii Saporta and Marion. If the latter had prominent 
serrate teeth added it would be identical with DevaJquea insigni- 
formis. 

The latter is represented by a large number of fragmentary 
specimens from’ the upper member of the Bingen sand the most 
perfect of which is shown in solid black in the accompanying figure. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
well Spur; Adams Kaolin cuts near ]\Iurfreesboro, Pike County. 

MAGXOLIACEAE 
Liriodendron Liline 
Liriodendron Meekii Heer 

Liriodendron MeeMi Fleer; Meek & Hayden, Proc. Phila. Acad, 

Sci. 10 : 265. 1858; Phyll. Cret. d. Nebr. 21. pL 4, f. 4. 

1866. 

Leaves of relatively small size, more or less panduriform in 
outline (described , by Newberry as three-lobed with the median 
lobe eiiiargiiiate). Length along the midrib 5-10 cm., usually 
about 5 cm,, the Alabama specimen being 4.7 cm. Greatest 
width, which is toward the base of the leaf, 2.4-7 cm., averaging 

* Berry, E. W. Torreya |o: 34-38. A r. 1910. ' 

t Hosius & V. d. Marck. Pataeontographica 26: 172. pt j2. /. iii-zjj; pU 33. 

f- loti: pi. 34. f. iw; pi 3S,f. 1880 , 
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about 4 cm., the Alabama specimen being 4.3 cm. Lobes more or 
less well marked, the basal pair directed laterally, and broadly 
rounded, the upper pair directed diagonally, usually less ipell 
marked, rounded at the outside and inclined toward angularity 
at the tip. Lateral sinuses more or less indented in the typical 
forms, such as the Alabama specimen figured, extending nearly 
half way to the midrib and broadly rounded. Apical sinus wide 
and open, usually cuneate in outline. Base somewhat descending 
close to the midrib, broadly and somewhat ciirved-cuneate. Mid- 
rib stout, straight, or somewhat curved. Secondaries thin, par- 
allel, about six pairs branching from the midrib at angles of over 
45 degrees and gently curving upward toward their extremities, 
probabl}" camptodronie, their ultimate course not made out. 

The mid-Cretaceous leaves, variously described as Liriodendron 
Meekn, L, priniaevum ^ L. semmlatum^ and L. simplex^ are in a state! 
of almost hopeless confusion, due largely to the difficulty of deter- 
mining the specific lines of cleavage in a probably genetic and. 
variable series of forms. 

Liriodendron Meekii was described by Professor Heer in 1858, 
from the Dakota sandstone of Nebraska, in an appendix to a 
paper by Meek and Hayden.. It was described as trilobate and 
was figured, but was compared with the 'European Liriodendron 
Procacinii Unger and with the liYingLiriodendron TulipiferalAnviL 
In 1866 the same author returns to this subject, figuring the two 
well-known specimens, which figures have been reproduced by 
both Lesqiiereux and Newberry, It would seem that this- form 
must be considered as the type of this species and the present 
writer so considers it. However, Heer, in describing the Atane 
flora of Greenland in 1882, in returning to this subject, considers 
this form, as well as various simple emarginate Liriodendropsis- 
like forms, as different varieties of Liriodendron Meekii, and' in 
this he was subsequently followed by Lesqiiereux, but not by 
Newberry, who insisted upon the distinctness of the lobate form. 
We find one of these varieties of H.eer’s Liriodendron Meekii 
genuina which' may belong here, although the leaves are excep- 
tionally large and poorly preserved. Another variety, Lirioden- 
dron Meekii primaeva, includes the 'slightly lobate forms ^ subse- 
quently referred to Liriodendron primamm Newberr>L^ ^ It would 
seem, that the small entire retfise leaves which^ have' been 'vapbpsly 
re'ferred' to LegumimsUeSy Bumelmy Bigmnm, Mfiodeniron 
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and L. prhnaevuju, as well as to Liriodendrou- simplex and to the 
genus Liriodcxdrr^psis, are more probably allied to the Legunii- 
nosccie than to Liriodendron. and they are so considered in the 
present stiidv. On the other hand, Linodendron Meehii is re- 
stricted to iiidiide only such lobate forms as do not seem to be 
specificalbc distinct from the originally figured types, and with 
them are merged those forms usuall)* referred to Liriodendron 
■primaez'xni Newberry, which are simply variants of the type jiust 
mentioned with less prominently developed lobes. 

As here delimited the species is found in the Dakota sandstone, 
in the Raritan harmation, or possibly the Magothy formation 
(morainic material) on Staten Island, somewhat doubtfully in the 
Ataiie beds of Greenland, doubtfully in the lower part of the 
Black Creek formation of North Carolina,'’*' positively in the lower 
part of the Alabama Tuscaloosa, and doubtfully in the South 
American Cretaceous and in the Cenomanian of Saxony. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
well Spur, Pike County. 

Liriodendron quercifolium Newberry 

Liriodendron quercifaliimi Newberry, Bull. Torrey Club 14: 6. 

pi 62,/. I. 18S7; FL Amboy. Clays, 81. pL 51. J, 1-6. 1896. 

Leaves oblong in general outline, of large size, pinnately 
divided by narrow sinuses into from two to four lateral lobes. 
Apex emarginate. Base truncate to somewhat cordate. Length 
along the midrib 7-9 cm. and probably considerably greater in 
some specimens since one fragment measures 12 cm. in width. 
Width in perfect specimens -about 9 cm. Lateral lobes ovate in 
outline with ver}" acute tips, sometimes narrowed proximacl giving 
them an almost obovate outline; intervening lateral sinuses narroW' 
and deeply cut, in some instances reaching nearly to the midrib, 
rounded. 

In some specimens only two main lobes are developed on 
each side, which are then quite similar to the typical modern 
leaf. In these cases, however, the upper lobes are divided by a 
shallow sinus into two sharp lobules. Other specimens ^show- 
three lobes of equal magnitude on each side, while one of the best 
specimens has four nearly equal lobes on each side, the basal and. 

* Berry, Bull. Torrey Cinb 34** jE97‘ 1907. 
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apical pairs being somewhat shorter than the medial pairs. This 
form of leaf is very suggestive of some species of Quercus, but its 
variations^ as well as its venation, show that it is related to 
Liriodei'idron. The petiole is preserved for a considerable length 
and is very stout, as is the midrib. There is one main secondary 
traversing each lobe and running directly to its apical points 
In addition there are one or more camptodrome secondaries in 
each lobe which anastomose with branches from the main second- 
ary, their number being dependent upon the relative width of 
the lobe; they branch from the midrib at angles of about sixty 
degrees. 

At first sight this species appears to differ considerabi}'" from 
Liriodendron ohlongijolitmt and from the modern form, but this 
difference is not nearly as great as it seems, and it is probable that 
Liriodendron querdfolkim is simply a variation from the common 
ancestor of the two species in the direction of Liriodendron pinnaPi- 
fidum Lesq. Numerous leaves of the modern tree can be found 
with an incipient lobation suggesting Liriodendron ^■uercifoUum. 
In these, however, the sinus is comparatively shallow and rounded, 
so that the general appearance of the two is not markedly similar. 

Occurrence: Mine Creek, three and one half miles north of 
Nashville, Howard County. 

MENISPERMACEAE. 

Menispermites Lesquereux 
Menispermites integrifolia sp. nov. 

Leaves deltoid-ovate in outline, with a short sharply pointed 
apex and a truncate or slightly cordate peltate base. Length 
about 6.5 cm. Maximum width, in the basal part of the leaf, 
about 6.5 cm. Margins entire, full and rounded. Texture sub- 
coriaceous. . Petiole missing. Midrib stout, enlarges proximad.' 
Lateral primaries subopposite, suprabasilar, but slightly differ- 
entiated from true secondaries, of which they constitute the second 
.pair: they diverge from the midrib at angles of about forty-five de-' 
greesor slightly more, are relatively straight for more than half of the 
distance to the marginwhere they 'curve upwardand are eventually 
camptodrome. Secondaries’ 'well' marked, ' 'four, ' or , five .'opposite 
to alternate pairs, irregularly spaced, one pair below the primaries, 
camptodrome.' Primaries' give off' on. their outer sides, three to" 
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ti\'e ciin-ed caniprodronie laterals. Tertiaries thin percurrent 
vrith occasional iaterais from midrib parallel with secondaries. 

The present species is not at all trilobate as are some of the 
Dakota sandstone species, from which it also differs in having 
camptodrcine instead of craspedodronie lateral primaries. Among 
descrihied forms it is like some of the New Jersey Raritan leaves 
that Xewberry referred to Meuispermites borealis Heer, without 
greatly resembling the type material of the latter species. The most 
simiiar tlgured form is bfewberry’s pL 50. fi^g. 2, FL Amboy ClaySj 
which differs from the present species in its inequilateral form. 
Siiperffcialh’ Meiiispenmtes mtegrifoUa suggests the associated 
Cordia apkulata (Hollick) Berry, differing especially in its peltate 
base. It may be also compared with various Upper Cretaceous 
leaws commonly referred to PopulnSy some of which have been 
referred by various students to Cocatliis, The latter genus seems 
to be the closest to the fossil but in view" of the uncertainty of such 
a reference Menispermites will serve equally well as a generic 
designation for leaves of the family Menispermaceae. 

The present species is represented by incomplete specimens in 
the upper member of the Bingen sand which it is inadvisable to 
figure. The foregoing description is based on the complete type 
material from the Tuscaloosa formation of Alabama which will 
be figured in a report on the Cretaceous Floras of the Eastern 
Gulf region now going through, th^ press of the United States 
Geological Survey. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
well Spur, . Pike County. 

ROSALES 

LEGUMINOSAE 
CouuTEA Lmn€ 

CoLUTEA PRiMORDiALis Heer 

Coluiea primordiaMs Heer, FI. Foss. Arct, 6 ^: 99. pL 27 , f, 7-1 1: 

4j. /. y, 1882. 

This species was described from the Atane beds of west Green- 
land and subsequently recorded from the Dakota sandstone of 
Kansas, the Raritan formation of New' Jersey, and the Magothy 
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formation of Marthas Vineyard, Long Island and Maryland. It is 
represented by a single specimen in the collection from the upper 
member of the Bingen sand. 

Occurrence: Big Railroad Cut, one mile southwest of Max - 
well Spur, Pike County. 

Leguhinosites Bowerbank 
Leguaiinosites omphalobioides Lesquereiix 

Legiiminosites omphalobioides Lesquereux, Mon. U. S. Geol. Sur\L 

17: 149. pljSJ^ 4* 1S92. 

Leaflets elliptical in outline, 3.2--4 cm. in length by 1.5-1 .7 cm. 
in greatest breadth, w’hich is about half-way between the apex 
and the base. Texture subcoriaceous. Apex rather broadly 
rounded. „ Base slightly narrowed and decurrent to the point of 
attachment. Lesquereux speaks of a short petiole, but this is 
lacking in his type figure and in all the specimens examined by 
the writer. The midrib is not especially wide, but is quite 
prominent. The secondaries are thin and alternate; they number 
about six pairs, and branch from the midrib at angles of fift}r 
degrees, or somewhat less, curving upward close to the margins, 
camptodrome. 

This species was described originally from the Dakota sand- 
stone of Kansas, and subsequently found in the M ago thy forma- 
tion of Maryland and the' Tuscaloosa formation of Alabama. It 
is represented by a single, but characteristic specimen in the 
collection from the upper member of the Bingen sand. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
well Spur, Pike County., 


GERANIALES 
EUPHORBIACEAE 
Manihotites Berry 
Manihotites georgiana Berry 

Manihotites georgiana ^ Berrys Bull, Torrey Club '37: 507,/. i, 2. 

' 1910; U. S., Dept. Int.'GeoLSurv. Professional Taper 84: II4. 
pls,^22; 23; 244.4^ 5^ ^ 1914, 

' Leaves. of extraordinarily large size, 36-48 cm. across, palmately ' 
, and deeply lobate, the m^in lobes dichotomously sublobate. Base 
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iTiissiiig, probably peltate. l\largins entire, more or less undulate. 
Texture coriaceous. Venation coarse. Five or six stout 'primaries 
diverge at acute angles from the top oi the petiole and fork dichot- 
omoiisly aljout 5-6 cm. above their base at angles of thirty to fifty 
degrees. These branches may again fork dicliotomously in a 
distance of 4-6 cm., or may not give off any branches, or the 
brandies ma>' be clearly subsidiary in size and run to the apex 
of a subordinate lobe. There are a sparse numlier of relatively fine 
secondaries, which diverge at angles of about forty-fiA^e degrees or 
more and are apparenth’ camptodrome. In each of the large 
specimens a straight A’ein of secondar\^ size runs directI}." to the 
base of a single main sinus. It is possible that this x^ein diverges 
along the margin in a vein which forms a marginal hem, as in the 
sinuses of lobed sassafras leaves, but such a vein can not be made 
out, although at one point there is such a marginal A^ein connected 
with the main A’-eiiation by straight transA^erse tertiaries. Deep 
and narrow but rounded sinuses approach within 3-5 cm. of the 
base and divide the leaf into fiA^e or more major lobes; these are 
siibdiAi’ded by more or less deep sinuses of a similar character into 
inequilateral, o\’ate lanceolate, obtusely pointed subordinate lobes., 

This remarkable species was described from perfect material 
from the lower Eiitaw of Avestern Georgia although the leaves are 
so large that it is usually represented by fragmentary specimens. 
It occurs in the Eutaw and Ripley of Avestern Tennessee, in the 
Ripley of Georgia and in the Black Creek formation of North 
Carolina. ScA^eral broken specimens haA^e been collected from the 
upper member of the Bingen sand. 

OccuRRENXE: Big Railroad Cut, one mile southwest of Max- 
well Spur, Pike County. 


SAPIN DALES 
SAPINDACEAE 
Sapindus Linn6 
Sapindus Morrisoni Heer 

Sapindm Morrisoni Heer, FI. Foss. Arct. 6-: 96. pL 40. f. i; ph 41. 
/. j; pL43.f. m, b; pi 44. f. 7, 8. 1882; Ibid. 7: 39. pL 6$. 
/. J. 1883. 

Leaflets of A?”ariable, usually large size, lanceolate and more or. 
less inequilateral in outline, with a, broadly cuneate or rounded 
base and ,a pointed tip.,' Pe'tiolulate, ', Texture ,subcoriaceous. 
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Margins entire. jMidrib stout, curved. Secondaries numerous, 
camptodrome. 

The present species was described originally by Heer, to whom 
it must be credited, from west Greenland although based on 
Lesqiiereux's manuscript which appeared in print the following 
year* It is common in the Dakota sandstone and in the M ago thy 
formation of the northern Atlantic coastal plain and occurs in the 
Woodbine formation of the Western Gulf area, and the Tuscaloosa 
formation of the Eastern Gulf area. Not uncommon in both the 
lower and upper members of the Bingen sand. 

Occurrence: Big Railroad Cut, one mile southwest of Max- 
well Spur, Pike County: Mine Creek, three and one half miles 
north of Nashville, Howard County. 

THYMELEALES 
LAURACEAE 
CiNNAMOMUM Blume 
CiNNAi^iOMUM Newberryi Berry (?) 

Cinnamomim intermedium Newberry, FL Amboy Clays, 89. pi. 2g, 

/. 1-8, 10. 1896. Not Ettingshausen. 

Cinnamomum Newberryi Berry, Bull. Torrey Bot. Club 38: 423. 

1911. 

This widespread species has a considerable geological as well as 
geographical range. Found from western Greenland to Kansas, 
Iowa and Alabama it ranges from the lower Raritan upward to 
the lower Eutaw. It is common in the lower Tuscaloosa of 
western Alabama and is only doubtfully identified from the lower 
member of the Bingen sand. 

Occurrence: Mine Creek, three and one half miles north of 
Nashville, Howard County. 

ERIC ALES 
ERICACEAE 

Andromeda ■ Parlatorii Heer 

Andromeda ParMorii^ Heet, Phylk Cr^t. d.-Nebr. t8. 

1866* ' '' y, ' vc;).' y' 

The species is found from Greenland to Nebraska anci jSlabaina'j;::'' 
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and from the Raxltaii upward to the Black Creek formation. 
It is common in the Tuscaloosa formation of ivestern Ala.baiiia 
but has not heretofore been collected from the Upper Cretaceous 
of the Western Gulf area. It is present in the lower, but has not 
as \*et been recognized in the upper member of the Bingen sand. 

OccuRREAXE: 'Mine Creek, three and one half miles north of 
Xashville, Howard County, 


Andromeda novae-caesareae Hollick 

Andromeda novae-caesareae Hollick; Newberry, Alon. U. S. Geoi. 
Sun'. 26: I2T . pi. 42. f. g-i2, 28-31. 1896 ; Berry, U. S. Dept, 

lilt. GeoL Siirv. Professional Paper 84: 58, 120. pi. 14. f. 5, 6 ; 
pi 24.7. I. 1914. 

Lea\xs small thick, and entire, with stout petioles and midribs 
and obscure secondar}* venation which is immersed in the thick 
lamina. Length 2. 5-5.0 cm. Width varying from 0.9-1.3 cm. 
\'enation, where visible, showing numerous parallel, camptodrome, 
relatively long and thin secondaries which branch from the midrib 
at acute angles. WUile the majority of these leaves are equally 
acuminate at both ends there is considerable A'ariation in this 
respect, and a well-marked tendency is shown in a considerable 
number of specimens which are relatively broader, especially in 
the upper half, toward an obtusely rounded apex, the termination 
of the midrib showing as a small mucronate point. The base in 
these forms gradually narrows to the stout petiole. 

This species is found as early as the uppermost Raritan in the 
New Jersey area and is also common in the everlying Magothy. 
It is exceedingly common throughout the Black Creek formation 
of the Carolinas and has also been recorded from the Cusseta 
sand member of the Ripley formation in Georgia, and from the 
Eiitaw formation of Tennessee. It occurs also in the Woodbine 
of Texas and the Tuscaloosa of Alabama so that it is apparently 
a form, with a wide stratigraphic range. 

Occurrence: Mine Creek, three and one half miles north of 
Nashville, Howard County. 
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POLEMONIALES 
BORAGINACEAE 
CoRDiA Linne 

CoRDiA APICULATA (Hollick) Berry 

Popidiis apiculata Hollick, Trans. N. Y. Acad. Sci. 12: 4. pi. j.f. 2 . 

1892. 

Cordia apiculata Berry, Md. Geol. Surv. Upper Cretaceous, 897. 

pLgo.f.6. 1916. 

Leaves variable in size and shape, ovate to orbicular in general 
outline, 5-10 cm. in length by 3-7 cm. in maximum width, which 
is at or below the middle. Apex usually somewhat abruptly 
produced into an acuminate tip. Base cuneate and slightly 
decurreiit to rounded or almost truncate. Margins entire, some** 
times slightly repand. Petiole of medium length, stout. Midrib 
mediumly stout, often flexuous. Secondaries five or six pairs, sub- 
opposite below, alternate above, slender, branching from the mid- 
rib at angles of from forty-five to fifty degrees and arching upward, 
camptodrome. Tertiaries camptodrome in the marginal region, 
percurrent internally. 

This species in all its characters suggests most strongly the 
existing Cordia sebestena Linne which ranges from the Florida 
Keys to New Guinea. It also suggests Cordia trenmla Griesbach 
of the West Indies, and there 'is a general generic likeness to various 
other existing species of this genus. Cordia leaves are variable 
and tend to have more or less toothed margins as is sometimes the 
case in Cordia sebestena, but they are in general entire or slightly 
repand, and like the fossil somewhat variable. Cordia is certainly 
represented in the Lower Eocene flora of the Gulf region by forms 
that may be descendants of this LTpper Cretaceous species. The^ 
present form has been recorded from New Jersey, Staten Tsland, 
Long Island, and Delaware, and' is. not rare in the lower beds of 
the Tuscaloosa formation in the Alabama region. 

Represented by a single specimen in the present collection 
from the upper member of the Bingen sand. 

Occurrence: Big Railroad Cut,' one mile S'Outhwest 'Of'Pax- 
well Spur, Pike County. ' ' ' ''U'' 

Johns Hopkins University, ' ' ' 

Baltimore ‘ ' ■ A ' ' ' . , 
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K2s:|»laiiatioii of plate 4- 
Sequoia concinna Heer 
Fig. I. Foliage from the Bingen sand. 

Fig. 2 , Cone from the Bingen sand. 

Figs. 3-5. Heretofore unfigured cones from the Magothy formation at Cliff- 
wood Bluff, New Jetsej". 

Dewalquea insigniformis Berry 
F iG. 6. Showing the leaf habit. 

Fig. 7. Showing venation, X' 3. 



Notes on the genus Herberta. with a revision of the species known 
from Europe, Canada and the United States* 

Alexander W. E\'axs 
(with plate S and 29 TEXT FIGURES) 

Introduction 

The genus Herberta (or Herbertus, as it was originally spelled) 
was published by S. F. Gray in 182 i.f It was named in honor of 
George Herbert, one of the patrons of Micheli, and was based on 
a single species, the Jungermamiia adunca of Dickson. In common 
with Gray’s other genera, Herberta wsis ignored by botanical writers 
until Carruthers called attention to it in 1865,$ Although it has 
since been accepted more or less widely in both Europe and 
North America, a strong tendency has recently arisen to re- 
pudiate it. This is largely due to Gray’s unfortunate practice of 
giving his generic names a masculine termination, even when he 
derived them from the names of persons. As Dumortier expresses 
it, they are the names of men and not of plants. Since, however, 
a change from a masculine to a feminine termination might 
readily be construed as the correction of an error in orthography , 
this objection seems hardly sufficient to justify the setting aside 
of Gray’s genera altogether. From a scientific standpoint the 
claims of Herberta are fully as good as those of many other genera 
which are accepted without question, and the writer is therefore 
disposed to recognize it, at least for the present. 

A year after the appearance of Herberta^ Dumortier§ published 
his genus 'Schisma^ including under, it hot only /. adunca but also 
J. juniperina Sw. and /. concinnaia Lightf. Nine years later he 
added another species, 5 , stramineum Dumort.,]j but excluded 
X cmicinnata^ making it the type of his new^ genus Acoha, At 

* Contribiition from the OsboT.ii Botanical Uafeoratory^ ■ 
t 'Nat Arr. British PL 1 : 705. 1821. - ' 

jjo'iir. Bot. 3:300. 1865. 

§ Comm. Bot' 114. .1822.' ^ 
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that time he wits undoubtedly ignorant of Graves writings^ hlany 
years afterwards, however, in his last published work on the 
liepaticae,* he qiiotes Gray's generic names as synonymsj refusing* 
to recognize iliem as valid on account of their masculine form. 
Ill the present instance he naturally roaintains his genus ScMsma. 
Gi'ciy's genera were likewise unknown to Nees von Esenbeck. In 
the first volume of his Naturgeschichte der europaischen Leber-^ 
moose, published in 1833, he accepted Scliisma as valid (p. 107). 
Ill the third volume, published in 1838, he suggested that it 
might be considered a section of his genus MastigopJiora (p. 573 ) > 
although he continued to employ Scliisma as a generic name. 
The inciiision of ScMsma under Mastigophora would have been 
quite unwarranted on the basis of priority. The latter genus 
was not published until 1833, and its characters were completely 
revised in 1835. Scliisma therefore antedates it by more than a 
decade. As originally defined Mastigophora was essentially the 
equivalent of the genus Lepidozia Dumort., although no species 
were definitely” assigned to it; in its re%dsed form it w”as made to 
include such species as Jungermannia diclados Brid. and J. Woodsii 
Hook, At the present time it is accepted by most writers in its 
revised form. 

Xees von Esenbeck's provisional reduction was ' adopted 
definitely by the authors of the Synopsis Hepaticariim (1845), 
who went even farther than he and included both Scliisma and 
Mastigophora under the genus Sendtnera of Endlicherj a genus 
which had been proposed a few years earlier for the single species 
Jungermannia Woodsii. On account of the high position which 
the Synopsis holds in the literature of the Hepaticae the name 
Sendtnera was acknowledged for many years as the correct name 
for the combined genus. Now, however, both Scliisma and 
Alastigopkora are universally regarded as distinct, and the name 
ScMsma is employed by those who refuse to sanction the use of 
the name Herberta. 

Of the eighteen species of Sendtnera given in the Synopsis only 
six would now be, included in the genus Herberta. In Stephanies 
recent monograph of the genus (under the name ScMsma), pub- 

^ Bull. Soc. Bot. Belgique 13: 123.' 1874. 

, t Gen. Plant. 1342. 1840. 
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lished ill 1909,* seven ty-one species are recognized. According 
to the information at hand four species have since been described, 
making seventy-^five in alL This marked increase is due partly 
to the more extensive material at the disposal of recent writers 
and partly to their narrower interpretation of species. Of the 
sei^enty-one species admitted by Stephani nearly all have a very 
limited geographical range and no fewer than forty-seven are 
described as new. Taking into account the species of his mono- 
graph and those since published, two are restricted to Europe, 
thirteen to i\frica (including the Azores), sixteen to Asia (includ- 
ing the Philippines), seven to various islands of the Pacific, ten to 
tropical North America, and twenty-six to South America; Ste- 
phani gives one species a wider range, including Samoa, Tahiti, 
Hawaii, Japan, and Himalaya. It is interesting to note that he 
accredits no species to North America north of Mexico, although 
i?. adunca, a species which he restricts to Europe, has been re- 
peatedly reported by American writers, not only from Alaska and 
British Columbia but also from -the eastern United States. 

The species of Herberta grow on rocks, on trees, and on the 
ground and sometimes form extensive mats or tufts. In the tropics 
they seem to be confined to higher altitudes, but the few species 
which occur in temperate and frigid regions sometimes descend 
to the level of the sea, this being true in both hemispheres. The 
plants are usually marked by a yellowish or brownish color, due to 
a pigmentation of the cell walls. In rare cases a. reddish or 
purplish tinge is present, and in sheltered stations the pigmentation 
may be so slight that the plants appear green. 

Notes on the morphology of the genus 
In its morphological features Herberta is one of the most dearly 
defined and natural genera of the Hepaticae. The gametophyte 
consists of a prostrate rhizome which gives, rise do numerous secon- 
daiy^ 'Stems. ' These sometimes .remain' simple, even when they 
become comparatively ;long, and sometimes branch sparingly. 
The siibequaily' bifid leaves' are slightly incubous while the under- 
leaves are strictly transverse, ,and ,yet, since the underieaves are 
nearly or quite as large as the' leaves and similar to them in most 
* Spec.,Hepat* 4i ' xpop., '' 
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other respects, the shoots appear almost radial in structure^ The 
inflorescence is invariably dioicous. The androedum is at first 
terminal on a secondary stem or one of its branches but soon pro- 
liferates, and the male shoot eventually shows a series of short 
intercalary aiidroecia separated by equally short sections bearing 
normal leaves. The arcliegonia are likewise terminal on sec- 
ondary stems. When fertilization takes place the growth of the 
female stem is usually brought to an end; when fertilization does 
not take place one or more subfloral innovations may be pro- 
duced. The involucre is composed of crowded bracts and bracte- 
oles, which are essentially alike and not very different from the 
leaves, while the perianth is deeply laciniate at the mouth and free 
or nearly so from the bracts. The calyptra and the sporophyte 
conform to the usual juiigermanniaceous type. 

The rhizome of Herberta was apparently overlooked by the 
older writers. Spruce, however, calls attention to it and to the 
fact that it may bear rhizoids, while Stephani mentions its small 
diameter and copious branching. It tends, in fact, to be con^ 
siderably more slender than the secondary’ stems, although both 
vary in size. In H. jimiperma, for example, an average rhizome 
measures only 0.35 X 0.25 mm. in cross section, while a stem 
measures 0.5 X 0.35. The features of the rhizome are not easily 
made out in material where the secondary stems are well developed. 
The leaves are more or less disintegrated with age and it is dif- 
ficult to demonstrate the relationship betv’-een the branches and 
the leaves. In most cases the leaves and underleaves are minute 
and widely separated. The leaves are practically transverse in 
their insertion and it W'ould be difficult to distinguish them from 
the underleaves, if the rhizome did not show a slight dorsiventral 
flattening, the underleaves being of course situated on one of the 
flattened sides. Both leaves and underleaves are distinctly bifid. 
The rhizoids grow out normally from the basal cells of the under- 
leaves, although they ■ often occur on the leaves as well, but the 
rhizome itself ris usually free .from them. The branches are all 
intercalary and many of them spring from the axils of the under- 
leaves. This position, however, is not ' constant; occasional 
branches tend to. be lateral and do not show a definite relationship 

* Traii.s. BoU Soc, .Edinburgh 15: 340. .1885., 
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to either leaves or imderleaves. It is of course possible that their 
aberrant position is due to secondary displacements caused b}-" in- 
equalities of growth, but this could not be definitely determined 
from the material studied. The secondary stems are sometimes 
direct extensions of the creeping rhizomes, but it is usually possible 
'to demonstrate their origin as branches. Even under these 
circumstances they usually bear small leaves at the base and 
only gradually give rise to the normal leaves. Sometimes the 
change is more abrupt, and all gradations ma3’’ be present between 
the small-leaved prostrate rhizomes and the typical secondary 
stems with large leaves. 

The secondary stems differ greatly in length in different species 
and even in the same species under varying conditions* In some 
of the robust tropical species a length of 25 cm. may be attained* 
The stems are usually ascending but are often pendulous and 
sometimes form conspicuous festoons hanging from the branches 
of trees. The branches are always intercalary, just as in the case 
of the rhizomes. The normal vegetative branches take their 
origin in the axils of underleaves and are rarely subdivided. In 
most cases they spread widely and show a flagelliform appearance, 
their leaves being distinctly smaller than those of the stem. 
When the growing point of a stem is injured, however, a ventral 
branch sometimes changes its direction of growth and assumes 
that of the stem, its leaves at the same time increasing in size. 
The same thing is true of the subfloral innovations, which may be 
either ventral or lateral in position.' The growth of the stem is 
here brought to an end by, the development of the archegonia. 
Rliizoids are often absent altogether from the secondary stems. 
When they occur they are usually restricted to the underleaves 
and leaves of the ventral branches, although the normal leaves 
a,nd imderleaves have the power of developing them. 

The 'leaves (Text figs, i, 14, 15, 21-25) and underleaves of 
the secondary stems present a great deal of uniformity throughout 
the genus. They , are more or less deeply bifid with a narrow sinus 
and sharp divisions. In rare cases a leaf may', be trifid instead',' of 
bifid, a peculiarity to which' certain species seem bo be more' subject 
than others. The divisions are' sometimes distinctly grooved but 
show little tendency to be complicate, both lying approximately in 
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Figs i~io. Herberta juniperina (Sw.) Trevis. 

I. Leaf, X 17. 2 , Transverse section of a young stem, X 225. 3 . Transverse 

section of a mature stein» X 225., 4. Longitudinal section of a mature stem, in- 
cluding the base of a leaf* X 225. 5. Cells from the basal vitta of a leaf, X 225. 
6. Cells from the basal vitta of a leaf in transverse section, X 300. 7. Ceils from 
the dorsal base of, a leaf, showing cilia with slime papillae, X 225. 8. Longitudinal 

section o,f a young sporophyte and surrounding parts, X 17; innermost perichaetial 
bract; perianth. ^9, Transverse section of the wall of a mature ' capsule, X 225. 
10. Cells from the innermost layer ot the wall of a mature capsule, X 225. Figs, i* 
5“7 were drawm from specimens collected by the wTiter on ' Blue Mountain Peak, 
Jamaica, 242 ; Figs. 2-4, 6 , from specimens collected by L. M. Underwood along the 
trail from Cinchona to Morce’s Gap, Jamaica, 280 ; the remaining figures,, from 
s^pecisiens collected by W. Harris on the lower slopes of Sir John Peak, Jamaica, 11/33, 
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the same plane. At the base on each side a series of slime papillae 
or their vestiges can be demonstrated. These are sometimes 
sessile (Text fig. 17) and sometimes borne on the tips of more or 
less evident teeth or cilia (Text fig. 7; Plate 8, fig. 5). Occa- 
sionaily slime papillae with their teeth are developed on the sur- 
faces of the leaves and nnderleaves, as well as on their margins. 
The teeth vary from short stalks a cell or two long to broad and 
siibdhdded lobe-like structures. Except for the basal teeth as- 
sociated with the slime papillae the margins are usually quite 
entire. In a few species, however, distinct teeth are present 
higher up, even be^mnd the region of the sinus, and these teeth 
show no evidences of slime papillae. Even when teeth of this 
character are present the upper parts of the divisions lack them 
completely. A vague serrulation, caused by projecting cells, may 
sometimes be discernible but seems to be a very exceptional 
feature. 

Aside from the difference in insertion there are certain other 
slight differences between the leaves and underleaves. The 
leaves are usually curved backwa,rd and appear unsymmetrical 
wdien dissected from the stems and spread out flat. The curvature 
affects the ventral division more strongly than the dorsal division 
(Plate 8, figs. 1-3); the latter in fact may be straight or nearly 
so while the ventral division is strongly curved (Text fig. i). 
In some species the curvature is much less pronounced than in 
others and may not be evident at all in explanate leaves (Text 
FIGS. 22-25); the lack of symmetry, however, still expresses itself 
in a difference of direction of the divisions and in a greater de- 
velopment of the basal portion on the dorsal side. The under- 
leaves bend backward in a squarrose fashion and appear symmet- 
rical when spread out, their straight divisions diverging equally 
and the basal portion being equally developed on the two sides. 
The leaves, and,' underleaves are usually more or less imbricated. 
The divisions of the curved leaves, and squarrose underleaves are 
thus crowded together along the ventral portion'' of the, shoot, the 
plant acquiring a distinctly moss-like appearance. 

The cells and especially the cell-walls yield some of the most 
distinctive characters of the genu's.,.' 'Most of the walls are strongly 
thickened and this applies' even’' 'tO' the rhizoids when they become 
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old. According to Goeber^' excessive thickening of the cell walls 
in the bryophytes, which occurs especially in xerophilous species, 
is significant on account of the great power of imbibition which 
these wails possess. They readily absorb and retain water, and 
the rapidit}' with which most species of Herberta regain their 
normal appearance and consistency, when a dry tuft is deluged 
widi water, is a striking phenomenon. In the cauliiie portions of 
the plant the ceils are all elongated, although they never assume 
a truly prosenchymatous character. The outer or cortical region 
is distinguished from the inner or axial region by its deeper color 
and more strongir thickened walls. In the secondary stems the 
thickening at first takes place in the outermost layer of cells, the 
process continuing until the cell cavities become reduced to narrow 
canals (Text fig. 2). The thickening is largely restricted to the 
outer or superficial walls and the layer presents the appearance 
of an epidermis with well-developed cuticle. In some cases the 
entire cortex consists of this outermost layer, the walls of the 
remaining cells showing only a slight degree of thickening (Text, 
FIG. 26). This, however, is veiy unusual. In the majority of 
cases two or more additional layers take part in the formation of 
the cortical region ; their walls become as markedly thickened as 
those of the outermost layer, the only difference being that the 
thickening is deposited uniformly on all the walls (Text fig. 3). 
Even in the central region the thickening of the walls is sometimes 
ver}-' pronounced, though never so much so as in the cortical region. 
Since, moreover,- the central cells are larger than the cortical cells, 
their cavities remain distinctly wider. The cells of the stem are 
eveiyw’here connected by pits, which show clearly in both traiis^^erse 
and longitudinal walls (Text figs. 3, 4). They are just as evident 
in the superficial layer as else\vhere, the cells of this layer being 
connected with one another both longitudinally and tangentially, 
as well as with the cells of the layer next within. There is nothing, 
in fact, to indicate any essential difference in function between 
the superficial layer and the other cortical layers. In spite of the 
fact that the outer walls simulate a cuticle so strongly, they have 
the same powers of imbibition as the other walls and simply form 
part of the imbibing system of the stem. In the rhizomes the 


^ See Organographie der Pfianzen, 2d ed. 553. 1915, 
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same distinction between cortical and central regions is apparent. 
There is perhaps a tendency for the cortical region to be thinner 
and for the cell-walls of the central region to be less thickened 
than ill the secondary stems, but there are no essential differences 
between the two. 

The leaf-cells in their more important features have long been 
familiar to students of the Hepaticae. Although forming a single 
layer as in most of the Jungermanniaceae the cells show a differ- 
entiation into elongated cells and more or less isodianietric cells 
(see, for example, Plate 8, fig. 4). The elongated cells form a 
median band extending from the line of insertion into the basal 
portion of the leaf. Somewhere below the sinus the band, or 
^Sdtta/’ as Stephani terms it, forks, one branch passing into each 
division. Here they may extend to the extreme apices or stop 
at a variable distance below them. The isodianietric cells form 
the rest of the leaf and are divided into three patches by the vitta 
and its branches, the two lateral patches extending from the base 
into the divisions on their outer sides and the median patch from 
the forking of the vitta into the divisions on their inner sides. 
Apparently the first allusion to the vitta is found in the original 
description of H, dicr.ana (Tayl.) Trevis.’^ In a critical note, 
quoted from Taylor, a ''nerve'' is spoken of which runs out into- 
the divisions. Gottsche afterward described the vitta In other 
species, and Stephani lays especial emphasis on it in his recent 
monograph, dn his opinion the vitta yields some of the best 
differential characters distinguishing species. He considers 
the basal portion (below the forking) to be constant in size for a 
given species, and he finds an equal constancy in the length of the 
branches. Unfortunately it is not always easy to determine the 
.exact lateral boundaries of the vitta or the points where the 
branches terminate in the divisions of the leaves. Although the 
median cells of the basal portion are markedly different from the " 
cells near the margin of the leaf, ''''there is sometimes a gradual ", 
transition, between the vitta and The marginal .portion,, aB'd"' a 
similar transition -may exist between the cells of the vitta, and, the" 
marginal and apical cells of the 'divisions*; observers, in 
consequence, might obtain different, results in measuring the same 
Syn. Hep. 239. 1S4S. ■■ ' ' ■ , 9 , , ^ 



200 


Evans: Notes on genus Herberta 


ieaiO A case in point' is found in II. ad mica. According* to Ste- 
pliaiii the branches of the vitta come to an end below the apices of 
the di\~isions: according to K. Milller they extend to the apices* 
At the same time the value of the vitta from the standpoint of 
taxonomy must not be overlooked, and Stepliani deserves credit 
for utilizing it. 

The cells of the virta present a number of interesting peculi- 
arities, not only in their structure at maturity but also in their 
development, especially in the way in which the thickenings of the 
wall are deposited. Gottsche, in his account of II. junipermay'^ 
noted some of these peculiarities many years ago, but subsequent 
allusions to them have been very scanty. According to Gottsche 
each basa! cel! of the leaf, after treatment with caustic potash 
and iodide of zinc, reveals a spiral of eight to fifteen turns repre- 
senting a thickening of the secondary layer of the 'wall. In a 
later accountf of the same species he gives the number of turns as 
fifteen to twenty- two. 

B}: treating young leaves with potash it is easy to demonstrate 
the presence of the bands of thickening described by Gottsche, 
not only in the basal portion of the leaf but elsewhere, and they 
clearly represent a stage in the development of the cell wall 
(Text fig. ii). The writer has found it impossible, however, to 
show' that the bands form a continuous spiral. They seem to be' 
rather in the form of separate rings or partial rings, an occasional 
ring being branched. When the rings are incomplete the gaps 
occur on the free walls of the cell and never on the vertical walls, 
which separate the cell from its neighbors. Even under these 
circumstances, howeNer, the bands of thickening extend partially 
across the free walls and leave only the median portion thin 
throughout. The bands of one cell do not lie opposite the bands 
of adjoining cells but tend to alternate with them. The vertical 
walls show. a zigzag appearance %vhere they meet the free walls, 
each angle of the zigzag marking the position of one of the bands. 
In the irregular cells' betu^een the vitta and the margin the bands 
are more 'irregular than in the ceils' of the vitta and rarely if ever 
form complete rings. ' In' other respects they are essentially the 
same. 

Rabenhorst, Hep. Eur. accomj^iiymg text. 

' Af Mex. Leverm.. 138. 1863.', ■ , .' 
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The bands of thickening just described soon become united b\’ 
median bands laid down on the free walls (Text fig. 12), These 
leave a series of thin places on each side, which show at first 
angular outlines. Almost simultaneously the bands on the vertical 
wails increase in thickness and become connected by deposits laid 
down between them, the result being that these walls acquire a 




Herberta juniperina (Sw.) Trevis. 


II. Very young cell from the basal vitta of a leaf, surface view, X 1,000. 12. 

Somewhat older cell from same vitta, surface view, X 1,000. 13. Still older cell 

from same vitta, optical section, X 600. The figures were all drawn from speci- 
mens collected by L, M. Underwood along the trail from Cinchona to Moice's Gap, 
Jamaica, 280 . 

continnous layer of' thickening except for an occasional pit. At 
first the original bands are thickened more conspicuously than the 
intermediate regions and the vertical walls appear distinctly 
scalloped when examinedrin optical section (Text, fig. 13). ,But 
the conditions just described are temporary. 'The thin places in 
the' free walls are gradually filled ■ up hy deposits of thickening, 
becoming'vounded as 'they diminish in"siae, andAhe depress, ions' 
between the'S'Callops along the yerticaii walls becbme obliterated 
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in miidi the same \va\n The entire cell-cavity is eventually lined 
liy a uniformly thick layer of deposit, the only thin places left' 
being the pits in the vertical walls (Text figs 5» b). Even some 
of the pits may be obliterated with age. When this takes place 
the deposit either fills the pit-chamber altogether or bridges it 
across, leaving a minute \’estige of the chamber next to the closing 
membrane (TextJ'UG. 7 ). When the cells are mature it is some- 
t!iii.es possible to detect evidences of the original bands of thicken- 
ing and of the scallops along the vertical walls, but the free walls 
present an absolutely uniform appearance. Although the thick- 
enings look very much as if they were formed by the coalescence of 
trigones and intermediate thickenings, it is clear from their 
method of de\’'elopment that they are not directly comparable 
with the trigones and intermediate thickenings of other Hepaticae. 

Aitlioiigli the description just drawn from H. juniperina prob- 
ably applies in its essential features to the entire genus, the 
details are not always as clear in some of the other species. In 
II. adunca^ for example, it ’is difficult to demonstrate bands of 
thickening except in the basal portion of the vitta, and it is doubtful 
if they ever form complete rings. The scalloped appearance of 
the vertical wails is likewise much less evident. Possibly the more 
indefinite conditions found are associated with the fact that the 
thickening of the walls in 11. adiinca is usually much less marked 
than in II. juniperina. 

The leaf surface in Herberta, the 'so-called cuticle of authors, is 
striolate or verriiculose. The roughness is sometimes very ap- 
parent and sometimes made out with dilficulty. Whether differ- 
ences ill the degree of roughness yield constant differential char- 
acters in separating species is perhaps doubtful, although such 
differences seem very striking when certain species are compared. 

The aiidroecia in Herberta are relatively short and usually 
incliicle from four to eight pairs of bracts, those at the upper and 
lower ends being somewhat transitional in character. ‘ The male 
plants tend to produce smaller leaves than female plants or vigor- 
ous sterile plants, and although the bracts are considerably larger 
than the leaves borne between the successive , androecia, they 
scarcely equal in size the normal leaves on female individuals. 
Several years ago Schiffner made the remarkable discovery that^ 
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antlieridia occur not only in the axils of the bracts but also in the 
axils of the bracteoles/-' In order to determine whether this phe- 
nomenon was widespread among the Ptilidioideae^ to which 
group Herherta is usually assigned, he examined species of several 
other genera. The closely related Mastigophora, howe\"er, was the 
only one in which he was able to observe anthericlial bracteoles. 
Ill the case of Herherta the bracteoles differ from the bracts in 
about the same way that the ordinary underleaves differ from the 
leaves. Both bracts (Text fig. 20; Plate 8, figs. 8, 9) and 
bracteoles are more or less imbricated and have a broad inflated 
pocket at the base enclosing a cluster of two or more antheridia. 
The pocket does not involve the entire width of the basal region 
but leaves a narrow flattisli or re volute strip on each side. In the 
inflated portion the cells are broader and much paler than ordinary 
cellSj and the thickenings of the walls are more irregular in outline 
and less strongly developed. The divisions, sinus, and margins 
are much the same as on ordinary leaves. 

The perichaetial bracts (Plate 8 , figs. 10, ii) and bracteoles 
are essentially alike. They occur in three or four closely crowded 
series and increase somewhat in size toward the perianth, only 
the apical portion of which projects beyond them. Those of the 
innermost series, when viewed from the outer surface, show two 
rounded ridges in the basal portion, separated by a narrow median 
groove. A marginal band on each side is flat or slightly concave. 
The divisions are much the. same as on ordinary leaves but the 
margins are much more toothed, the teeth being irregular and 
.extending higher up, sometimes almost to the apices of the divisions. 
Occasionally minute and irregular paraphyllia (Plate 8, fig. 12) 
with' marginal papillae are found among the bracts. According 
to Spruce the bracts closely embrace the perianth but are free 
from it throughout their entire length; according to Stephani they 
are coalescent with the perianth up to a considerable height. A 
longitudinal section' through, a young- sporophyte and surround- 
ing parts (Text fig. 8) shows that Spruce was essentially correct. 
Any coalescence which may be^ present is so slight as to be prac- 
tically negligible. ' Between the, innermost bracts 'apd ' bracteole' 
and the leaves below; the involucre, there, is a , gradual transitibn. 

'Uatersuchungen- iiber Amphi^strialrAntlieridiea , und , ' , den Baa der 

Aiidrdcfca der , Ptilldioideen. ' Hedwigk ' 50: p , 'XAjp',; ' ' „ 
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The pcriaiitli of Ilerheria, -when well developed, clearly supports 
the theory that three lioral leaves take part in the formation of this 
organ (Plate S, fig. 13). It is split for nearly half its length into six 
slender ladiiiae, essentially like divisions of leaves, every alternate 
split being a little deeper than the others. These deeper splits mark 
the boundaries of the three coalescent leaves. In the undivided 
portion of the perianth a cross section, shows that six rounded 
ridges are present, separated by six rounded grooves (Plate 8, 
FIG. 14). Three alternate grooves are deeper than the others and 
correspond with the three deeper splits at the mouth of the 
perianth. The innermost bracts and bracteoles, each with its 
two dorsal ridges separated by a groove, are closely appressed to 
the ridges and grooves of the perianth. The laciniae of the 
perianth bear numerous slime-papillae and often teeth. The slime 
papillae occur not only along the margins of the laciniae toward 
the base but also on the inner surface of the perialith. Here they 
sometimes form short rows and sometimes show no regular ar- 
rangement. The surface papillae are occasionally borne on the 
tips of short teeth or along the margins of narrow and irregular 
ridges. In some cases the perianth is not developed normally. 
More than six laciniae, for example, may be present at the mouth, 
or one of the splits may extend to the very base; sometimes both 
of these abnormalities may be seen in a single perianth. An 
increase in the number of laciniae is not surprising, since ordinary 
vegetative leaves with three divisions sometimes occur, and the 
deep split might plausibly be interpreted as a place where coa- 
lescence had failed to take place. 

The wall of the capsule is described in its essential features by 
Spruce. It is composed of from' five to seven layers of cells 
(Text fig. 9) and shows a thickness of 70-'ioo^. This is con-, 
siderably more than in most of the leafy Hepaticae studied by 
Andreas.^ In Plagiochila asplenioides (L.) Dumort., for example, 
where the wall is composed of seven or eight layers, the thickness 
is only 55 /i, while in Chiloscyphus polyanthus (L.) Corda, where 
the wall is composed of five layers, the thickness is only 25 /x. . It 
is less, however, in Herberta than in Pleurozia purpurea (Lightf.) 

* Ueber den Ban der Wand and die Oeffnungsweise des Lebermoossporogons. 
Flora 86: 1,61-2 13- «+/. 1-23. ' iSg^, 
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Lindb. ; in this species, according to Andreas, the wall is composed 
of seven or eight layers and has a thickness of 130 ju. In all 
these forms he describes local thickenings in the cells of all the 
layers. In the innermost layers the thickenings are in the form 
of half rings extending across the inner tangential wall (see Text 
FIG. 10) In the other layers they are in the form of bands on the 
radial walls. Even here, however, the bands sometimes extend 
to a greater or less extent along the tangential walls. According to 
Andreas the structure of the capsule wall in the leafy Hepaticae 
shows comparatively little variation, and the genus Herherta 
agrees on the whole with his account. It might be added that 
the valves are covered on the outside by a granular wax-like de- 
posit, and that secondary splits sometimes occur in one or more 
of the four primary valves. 

Many years ago Spruce* described the occurrence of rudimen- 
tary shoots on the leaves of Herberta, According to his account 
they arise singly.- or in pairs from the cells of the vitta in the basal 
portion of the leaves and never in the divisions. These shoots 
have not been observed by the writer and are probably developed 
under exceptional conditions. They represent the only type of 
vegetative reproduction known in the genus. As Spruce’s figures 
clearly show, the shoots bear three ranks of small bifid leaves and 
show no signs of dorsiventrality. They resemble in many 
respects the adveiitive shoots borne on the leaves of certain species 
of Plagiochila, although they are much less abundantly produced. 

Revision of the, species know from Europe, CanaDxX and 
THE United States 

According to most recent writers on the Hepaticae the genus 
Herberta is represented in Rurope by only two species. The first 
of these is H, adunca (Dicks.) S. F. Gray, the type of the genus; 
the second, H. Sendimri (Nees), sometimes .known as H. 
minea (Dumort.). Trevis. The range of FL^dunca, according', to 
available records, is restricted to Norway, the Faroe Islands and^ 
the British Isles; the 'range of H. Send tmri is even more circuin*^/ 
scribed, being accredited, only to the Austrian and Bavarian "Alps.. 

* On the brandi-bearing leaves of Jungermannw ‘jumperinii,^'Sw.: Fhytologist a; 
85, 86. ' 1844. [lilust.] ^ ; ” , , 
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In liras restricting the range of the latter species, writers differ 
niarkedlv' from Duniortier.'-' He considered that liis ^Schisma 
strain ineiim, under which he included S, Sendtneri Nees as a syno- 
nym, grew in Scotland, as well as in Austria and Germany. His 
species, in fact, was based on Scottish material. Apparently his 
only recent follower is Lettj who admits both H. adunca and 
i?. straminea as members of the Scottish flora. 

Botanists have long recognized the fact, however, that H, 
adunca iiidiides two well-marked forms. These were distinguished 
by Gottschepi: as long ago as 1862, under the names, a Dkksoniana 
and p' Ilutckinsiae, He applied the first name to the plant with 
shorter, erect-spreading leaves, having straight acuminate di- 
visions, and the second to the plant with longer leaves, hooked when 
dry and squarrose when moist, having lanceolate, incurved di- 
visions. He considered that a Dicksoniana was primarily a plant 
of Scotland while ^ Hutchinsiae was primarily a plant of Ireland, 
and yet he made no attempt to restrict the range of either form 
definitely. Carrington, § in taking up the name Hutchinsiae, 
implies that all the Irish specimens are referable to this form and 
states that the species grows at much lower altitudes in Ireland 
than in Scotland. He adds that both forms grow in Scotland, 
the form with ovate or ovate-lanceolate leaves being restricted to 
higher and exposed mountains. This form is clearly Gottsche^s 
a Dicksoniana, although Carrington does not call it by this name. 
He iiidiides under it Dumortier’s 5 . stramineum as a synonym and 
calls attention to the fact that it approaches JT Sendtneri, Al- 
though subsequent British writers have paid little attention to 
Gottsche’s names, Schiffner has recently revived them and applied 
them to specimens in his exsiccatae.j| 

from a careful study of European specimens referred to H, 
adunca, the writer has reached the conclusion that Gottsche’s two 
so-called forms represent two distinct, but qlosely related, species. 
The form a Dicksotiiana, as its name implies, represents the type of 
J img er mannm adunca Dicks. In the abs ence of Dicksoids original 

♦ Bull. Sqc, Hot. B'Cigiqiie 13; 125. , 1874.' ' 

t Hepat. British Isl. 177. 1902. 
t Rabenhorst, Hep. Ew. 210. ' 1862. 

, § Trans. Bot, Soc. EcSinburgh 7: '454.' , 1863, ■ 
y| Hep. Eur. Exsic. X912'. , , 
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material, the statement is supported by Scottish specimens in the 
Taylor herbarium, receh'ed from Hooker, and by the fact that 
Dickson’s plant was collected '‘in alpibus Scotids.” The type of 
Dumortief’s ScMsnia stramineum was likewise collected “’in 
alpibus Scotiae” and, in the complete absence of all of Duniortier’s 
types, his species may be regarded as a simple synoii3mi of JJ. 
adunca. The second form, ^ Hntchiusiae , is described below as a 
new species under the name H, HutcMnsiae (Gottsclie). In cer- 
tain respects the true H. adunca, as thus restricted, resembles 
H. Sendtneri more strongh’ than it does IL Tlutchinsme. This 
would account for the fact that Dumortier failed to distinguish 
between his Sdiisma stramineiim and H, Sendtneri. The latter 
species, however, is clearl^^ distinct, and there is no evidence that 
its range extends bejmnd the mountains of Austria and Germany. 

With regard to the North American specimens which have been 
referred to Jf. adunca, there has likewise been confusion. There 
are apparently two species represented, but neither agrees with 
typical H. adunca. The plant from the eastern United States 
seems to be ne-w and is described below under the name H. tennis; 
the plant from the Pacific Coast, on the contrary, seems to be 
referable to H. HiitcMnsiae. The Alaskan material of this species 
is unusualty satisfactory because it show^s androecia, perianths, 
and sporopli^Tes, all of which are exceedingly rare in European 
material. The four species' considered in the present paper may 
be distinguished as follows, only vegetative characters being used: 


Leaves mostly 1.2-2 mm. long and 0.45-0.9 mm. wide. 

Leaves bifid about one half ; divisions broad, slightly or not at 
all curved, acute to acuminate; vitta not distinct, the 
' cells in the divisions mostly 20-40 /i long. 

Basal portion of leaves normally entire, i. IT. adunca. 

Basal portion of leaves sparingly and coarsely toothed. 2. E. Sendtneri. 

Leaves bi fid two thirds to four fifths; divisions narrow, strongly 
curved, long-acuminate; vitta, distinct, the cells in the 
divisions often SO-70 u long; basal portion of leaves entire or 
nearly so, .3,. H.EutcMnsim. 

Leaves mostly 0.9-1 mm. long and 0.3-0,35 mm. wide, bifid two^ ' 
thirds to three fourths; divisions narrow, slightly or not at all 
curved, long-acuminate; vitta distinct, the cells in the divisions ' , 
often' 50-70 /X long; basal portion entire or sparingly and coarsely 
toothed. ' ■ 
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I. Hurberta adunxa (Dicks.) S. F: Dray 
Jniigerfuautiki adunca Dicks. Plant. Crypt. Brit. 3: 12. pL 6,/. S. 
1793 > 

JuHggermaiiriiajiiniperina j3 Hook. Brit. Juiig. pL 4. 1812 (in part). 
Herberta admua S. F. Gray, Nat. Air. Brit. PI. i: JoS- ^821. 
ScMsma adimc-um Dumort. Comm. Bot. 114. 1822. 

JiiHgermamiia jumperina p adunm- Lindenb. Nova Acta Acad. 

Leop. -Carol- 14 (suppL): 35. 1829 (in part). 

ScMsma siramineum Dumort. Syll. Jung. 76. 1831; Bull. Soc. 

Bot. Belgique 13: 125. 1874 {in part). 

ScMsma juniperlnmn Nees, Naturg. Eiirop. Leberm. i: 108. 
1833. 

Semdtnera jumperina Nees; G. L. & N. Syn. Hep. 239. 1845. 

Sendinera sirammea Nees, l.c, 240. 1845. 

Sendtnera adunca a Dicksoniana Gottsche; Rabenhorst, Hep. Eur. 
210 (accompanying text) . 1 862 . 

Herberta simminea Trevis. Mem. R. 1 st. Lomb. III. 4: 396. 
1877 (in part). 

Herberta adunca var. straminea Cooke, Handb. Brit. Hepat. 70. 
1894. 

Herberta adunca var. alpina Macvicar, Student’s Handb. Brit. 
Hepat. 340. 1912. 

Herberta adunca a Dicksomana SchifTn. Lotos 60: 53. 1912. 

Yellowish or brownish green, often tinged with red or purple, 
sometimes slightly glossy, growing in more or less extensive mats, 
or scattered among other bryoph^^tes; secondary stems erect or 
ascending, sparingly and irregularly branched, rigid, mostly 5~io 
cm. long but sometimes shorter, about 0.25 mm. (or fourteen cells) 
wide and 0.18 mm. (or ten cells) thick, the cells everywhere with 
strongly thickened wmils: leaves imbricated, more or less secuiid, 
unsymmetrical, ovate, mostly i.2“’i4 long and 0.45-0.6 mm. wide, 
bifid about one.half, the divisions (in explanate leaves) slightly or 
not at all curved, acute* to acuminate, mostly o,6-o.7 mm. long 
and 0.27-0.35' mm.' wide at. base, margin normally entire; vitta 
usually indistinct even in the basal region, extending for a short 
distance into the division but coming to an end considerably below 
the apex, undivided portion usually 0.2-0.3' mm. long and' wide; 
cells of vitta mostly 35-60 X 22 'in the basal 'portion and, 
20-40 X 20 /X ill' the divisions,^ marginal '' cells ' in' basal portion'' 
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about 22 ^ in diameter, cells between margin and vitta about 24 ^ 
iii diameter; thickenings distinct, in the vertical walls mostly 
8-10 /i wide; cuticle scarcely striolate: underleaves similar to the 
leaves but squarrose and symmetrical : male inflorescences borne 
in an interrupted series in the upper part of a stem ; bracts mostly 
in five or six pairs, similar to the leaves except for the broad basal 
pocket extending nearly to the sinus, margin normally entire; 
bracteoles similar to the bracts; antheridia mostly two or three in 
each axil: female inflorescence not seen, [Text figs. 14-20.] 

The following specimens have been examined : 

Norway: Drivandefossen Waterfall, Lyster, Bergen Stift, 
August, 1900, B, Kaalaas (listed by Kaalaas in Nyt. Mag. f. 
Naturv. 40: 247, 1902; distributed as H. adtmca a Dicksoniana 

in Scliiffner's Hep. Eur. Exsic. 4^5); Sondfjord, Bergen Stiftj July, 
1903, £, Jorgensen (distributed as H. adunca a Dicksoniana 
Schiffner, kc. 464); Frafjord near Stavanger, July, 1899, E. 
Jorgensen (distributed as If. adunca a Dicksoniana by Schiffner, 
Lc. 463; specimens from same locality listed by Kaalaas, lx. 33: 
224. 1893), 

Faroe Islands: Sydero, Bordo and Vaago, May and June, 
1896, C. Jensen (these are among the specimens listed by Jensen 
in Bot. Faer. i: 127. 1901). 

Scotland: Ben Lawers, 1803, IF. J. Hooker (listed as J anger- 
mannia juniperina by Hooker in Brit. Jung. pL 4. 1812); 

Craig Chailleach, G. E. Hunt; same locality, June, 1900, S. M. 
Macvicar; Camlochan, ' July, 1843, IF. Gardiner; Stuichd-an- 
Lochain, July, 1842, IF. Gardiner; near summit of Ben More, 
July, 1897, fJ. N. Dixon (var. alpina Macvicar); Glengyde, June, 
1895, Stirling & Kidston; Ben Vorlich, July,A90i,'G. If. Macvicar 
(listed in Ann. Scottish Nat. Hist. 1902: 114); 'Ben Udlaidh, 
June, 1903, S. M. Macvicar - 

Wales: Snowden Mountain, June, 1915, A. H. Graves. 

In, Ingham^s Census Catalogue of British Hepatics, published 
in 1913, If. adunca is quoted from the' following provinces: 'South 
Wales, North Wales, Lakes, East, Highlands, ^ West highlands, 
North Highlands and North Isles, It is quoted also from, eleven 
county divisions' in Ireland.' 'It is, probable Ahat' some ,af 'these 
records, especially those from’ Ireland, are 'based ,0'n','HL,'H»fcl-' 
" insiae. 
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Most of the earlier writers not only failed io distiiiguisli 
II, Iliiifliitiside froiTi IL adiinca but (a)nskler(‘(l the roiidahied 
vspecie>s a nK‘re variety or form of the Jamaican //. ]uull>erina 
(Swa) Tre\is, {Jungernmitnia jiiniperina Swa). Mookcr was a,|)|)ar« 
entl}'^ the first to advanc.e this ick‘a. in tlu:^ text a.cco!iipaji\’'-* 
iwgpL 4 of his British JungXTmanniae he recognized J , jiiniperina 
as a member of the British flora and included J, adiinea tiudci- llie 
variety ,to which he did not even give a, definite iiaiiKA 

“After a most careful examination of Mr. Dickson’s J. adiinca, 
coinpared with others of J, jiiniperwa, which ! have r<M'(‘ived 
from Dr. Swartz,” he addvS in a critical note, “ I am una!>le to find 
any characters which can induce me to ke(‘|> them st‘|)arnte.’' He 
then calls attention to the larger size of the jaimiic'an plant and 
to the greater readiness with which it regains its original af)f)ear-" 
ance when immersed in water but clearly regxinls tlu‘se f(/at'urt»s 
of but little moment. Weber'*' protested against Hooker’s tn^at- 
ment of J. adnnea and maintained it as a valid species, in wliicli 
he was followed by both S. F. Gray and Diimorlier. The majority 
of contemporaneous writers, howewa*, followed the (‘xaniple of 
Hooker, and the Synopsis Hepaticarum, in 1845, wimt so far as 
to cite Scottish specimens luider /if, willioiit 

even mentioning /. adunca as a synonym. Whett (Jottsche, tiearly 
twenty years later, distinguivshed l>etween his ex iyi(:ks()uianu 
and p IJukldnsiae, lie pointed out in addition the most marked 
differences between IL adunca and IL jiiniperina; and, sincx? this 
time, both species have l)een almost imiversally recognized. 

Among the characters of H. aduncawbkh Got tsidic' canphasizixi 
was the lack of teeth on the leaves and imderlt^av'cs. Hi* pointed 
out the fact that young leaves vsometimes showed five tcj i'‘ight 
primordial papillae at the l)ase, the.se structurt'‘s reiirestaiting the 
rudiments of teeth, but of actual teet:li he found no devi,!lo|)ineiif:. 
Although this description will apply to the vast nia.j(,)rity (d Icavi'*s, 
it will not apply to all. An occasional leaf will show one or [wahaps 
'two teeth in the basal region. 'Such a toot.li usually consist h o( a 
single cell, serving as a stalk for a papilla, but it sometimes at, fains 
a length of several cells and becomes more loltedike in appearance. 
The occurrence of these teeth, in view of their iiifreriuency and 
Hfet. Muse. Hepat. Prodr. S4. 18x5., 
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(loiiblicvss more or less abnormal. I1ie same liiiiig 
may be said of the l;ritid leaves and, of the blunt divisions wliicli 
occa.sioiia!ly rome to li^vbE when a lar!L>‘(' scu'ies of leaves is (sxaininecL 
Although l„)icks(;)n\s original Tigures show perii.intlis and 
riiatairt' c‘a|)8ules, thcvse organs seem to he very rarely |')ri,)(! Licked . 



14, .15. l,.ravi‘H, X 4e, 16- Iroia tlu* basal iHjrtiau f)i' a loU'* sluiwiiig the 

basal villa tai, the riKh!:, X :r25, 1 y, Oorsul baso of a leaf, X iH. (,‘eHs from 

l.lio upper I’nivt of a, florsal fuaf-di vision, X 2:^5. Uh C-ulls irotn tlie a'faj'x* rit the same 
division, X 225;. «o, Porleioninl bracU >.: 40. Figs, 1:4, thvip were drawn fami 

Nonvepjaii sprs^imetrs {'‘olle*'tv«l by K. J<>ru;(‘nsen and disiributerl in SehlffiKir’s Hep- 
ICiirop, I',CxMie„ 464; h'iGS. 15, 20, frmn Norwegian specimens cr>I!i!ct«l by J’h Kaalaas 
and <!isirjbiited in, l;Ite sanie texsiecatae 46s> 

Hooker stated definitely that the only friutingj)lantsi.ie' ha.d seen 
were Scotch specimens furnished by Dickson, Pea.reoiH did not 
know .fruiting plants at all; his description and, figures,' of the'braets' 
and' 'periantlis were drawn ' from Cuban speci'mens referred"' to 
IL jufdperina^ his idea being that the Weprod.u'ctive' parts in thiS' 
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species would ,nol: differ appreciably from t,liose of IL adunra. 
Perianths were likewise unknown to Stepliani, althougli he c]iiotc\s 
from Kaalaas a brief description of bracts, periajiths and ca|,>snle. 
Whether Kaalaas actually vsaw these wStructures in IL admim is, 
however, doubtful. The description quoted by Si(‘|)hani wa,s 
taken (wdtli certain arbitrary changes) fro,ni the account of the 
genus given by Kaalaas/^ the account of the species mert‘ly vStaliug 
that the reproductive organs were ^Tit in geiiere.” Acx'ording tr) 
Macvicar female plants are frccpient, l)Ut perianths arc unknown 
in the British Isles. He quotes Flookerks statement about ,l)ick” 
son’s fruiting plants but suggests tliat there was j)robably some* 
mistake on Dickson’s part. If this idea could, be substantiated 
there wT)ukl be no evidence left that IJ. adunca had ever been found 
in fruit. It .is to be hoped that further explorati{,)ns may be* 
rewarded by the discovery of the missing parts, although a |,)C!r« 
sisteiit sterility would not be surprising in the present germs, 
where other well-marked species apparently produce nelthcu* arcluv 
gonia nor antheridia. 

. Herberta Sendtneri (Nees) com!;), nov. 

ScMsma SemUneri Nees, Naturg. europ, Lcl)enn. 3: 575. 1:838- 

Jungermminia Sauteriana Hiibcn. & Genth, Deutsdil Iwl'ierni. 
loS. 1839 (nomen nudum); G. L. & N, Sy,m Hep. 240* 1845 

(as synonym). 

Sendinera Sauieriann Nees; G. I,.. & N, Sy,n. Hc^p. 240, 1845. 

ScMsma simmifteum Dumort. Bull, Soc. Bot, !k‘lgiqiie 13: 123. 
1874 (in part); Not 1831. 

Herberta stnminea Trevis. Mem. R. Lst. Lornb. 111. 4; 396. 
1877 (in part). 

■ lirownisl'i green, not glassy, growing in .more or less extended 
mats: secondary stems erect or ascending, sparingly anc,l irregin 
larly branched, rigid, mostly 5-8 cm. long, about 0.35 mim (c.)r 
fifteen cells) wide and 0.3 mm. (or twelve cells) t:hick, t,he c:ells 
everywhere with strongly thickened walls: leaves imbricatcxl, mo.iT 
or ' less second,^ broadly ovate, mostly mm. long a„!.ul 

0.75-1. 1 mm. wide, bifid one half or a little more, the divisions (in 
explanate leaves), slightly or not at all curved, acute to acuminatc.s 
most ly o.6 -q. 9^^ mm. long and 04-0.55 mm. wide, margin irri‘gii- 

Mag. f. Natiirv. 33: 2:^3. 1S93. 
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larly tootlied near t:lie l)ast;, the teet:h, mostly two to five on. each 
side, sometimes small, sonKd.imes larger aiicl lohe-likiv vitta in- 
distinct even in the l)avsal region, extending into the divisions l)iit 
soon coining to an end, undivided portion a,l)out 0.25 111 in. long 
and 0.35 inm. wide; -cells of vitta mostly 40-70 X x8 ^ in the 
l)asal |)urtiori and 30--40 X 16 jet in the divisions, marginal cells 
in the liasal portion about 14 in diameter; cells fitTween margin 
and vitta about 16 /x in diameter; thickenings distinct in the ver- 
tical walls, mostly 4-6 /x wide; cuticle distinctly striolate-verru- 
culose, especially near the base: underleaves similar to tlie leaves 
but shorter and more symmetrical: inflorescence unknown . 

The following specimens have been examined : 

Austria (Tirol): Kleiner Rettenstein near Joclilierg, A. 
Sauter (distrifnited as Sendtnera Swuteriana in Ralieiihorst's Hep, 
Eiirop. 3ja) ; near Kitzbuhel, August, 1882, /. Breidler; Ross- 
kogi, F. Arnold (distributed as Sendtnera Sauleriana in Gottsche 
& Ralienhorst’s Hep. Europ. 422) ; Sellraintal, August, 1912, TI, imt 
IlandeUMazzetti (distributed as TL straminea in Schiffner's Hep» 
Europ. Exsic. 46S). 

M tiller and otlier writers cite the species from Bavaria and 
Salzburg, as well as from Tirol. 

The present species liears a strong resemblance to the true 
IL adnnea and it is not at all surprising that liotanists have some- 
times had difficulty in distinguishing tliem. Both normally grow 
in liroad mats, their color is mucdi the same except for the fact 
llia.t JL Sendtneri seems never to be tinged witli red or purple, 
their leaves are equally imbricated and dividend to al:)out the same 
exteiit, their divisions’ are less curved tlian in most: species of the 
gmius, and the vit1::a is i)oorly defl'ined in both, llie liraiu^hes corning 
to an end far lielow the aiiices of the leaves. At tlie'same time 
tliey ex!iil)i t excelkmt diiTi‘ren tial characters. The leaves in 
IL Sendtneri are relatively broader tfian ,in IL adnnea^ the same 
thing is true of the leaf-divisions, and the tliickeiilngs in the leaf 
cells are less consp:icuous, those ■ in the vertical w, alls being only 
about jialf as wide. The most striking differences between the 
two species, 'however, are to.be found in the basal, teeth. In 
IL adtmea, as already noted, basal teeth are. either absent 'alto- 
^getlier or else occi|t,as a rare, 'abnormality.,.. ''lviLI.:SmMmfLt}ity 
form a conspicuous' feature of the '.species.' -It .is true .that' t&y 
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ofay not he presc^nt on every iudivuliial leal. Ne\'i‘n hi‘less, il a 
scries of leaves is examined, the majorit\' will show the basal 
teeth clearly. Some of tlie teeth, (a)nsisl <jf siiiglt‘ cavils, I)ii! .most 
of them are three to ten ('ells long and often two to four c^ells wide 
at the Ijase, Occasionally an even larger, lolKvlIkt' tooth is 
present. Althougii the Ixisal teeth are almost *iiwa,ys marginal 
it is sometimes possible to demonstrate a surface tootli. 

3. Herberta Hutchinsiae (Gottsche) sp. nov. 

Jimgermimitia jtiniperina H(X)k. Brit. Jung, pi- 4- lHi2 (in 

part) . 

Sendtnera adunca fS Iliilchinsiae Gottsche; Ral)cnhorst, llep. Ear. 

210 (accompanying* text),. 1862. 

Jlerherta adunca /3 Hutchinsiae SchilTn.- Lotos 60: 54. I'ou. 

Yellowish or brownish grcxm, sometimes ting'ccl wilh red or 
purple, often somewhat gkxsvsy, growing* iu more or less (‘xtvnsivt” 
mats or in pendent tufts, sometimes mixed with odier layophx’tcxs: 
secondary stems erect, ascending* or pendulous, rigid, mostly 5-'‘-io 
cm. long but sometimes shorter, al,)oiit 0.25 mm. (or fourte(ni (;e!ls) 
wide and 0.2 mm. (or twelve cells) thick, (he ct'Iis eA'erywhen* willi 
thickened walls, although showing a fairh-^ marked diiTercmcc; 
between cortical and median regions: leaves imbrit'aiiHl, strongly 
secimd, imsyjnmetrical, narrowdy ovate, mostly turn, limg 

and o.45"'<).5 mm. wide, the divisioovs strongly curved and more or 
less divergent, acuminate to.long”acumi,nate, mostly 0.8-' 1,2 mm. 
long and' 0.2-0.25 mm. wide; margin normally entiri'p villa clis* 
'tinct, extending fa.r out into the divisioiis Init hardly to the a|)ices, 
undivided portion mostly 0.15-0.1,8 nim, long a.nd 0.25 ’-o. 3 rnim 

wdde; cells of vitta. mostly 30 75 X ry-iH g in (Ik* lx,isal porlicu'i, 

and 2'5-50 X l8-*"2(::)g in the divisions, marginal cadis in („he l:ia,s{il, 

region'mostly 16 20 ^ in diameter,, ceils between margin and villa. 

mostly 18-24 M diameter; thickenings distiuct/in file verticnil 
walls about 6 wide; cuticle faintly I'>ut distinctly strio!alc;« 
verruciilose: imderleaves similar to the leaves but symmetric, xd, 
sqtiarrose, and with' straight divisit, )ns: ,male inflorestxmces normally 
borne in an .interrupted series in the upper pa,rt of a stem, more* 
rarely on a lateral or vctitral l;)ranch; l')racts and l)ra,ctvok*s moslfy 
in four, to s,ix series, similar to the leavexs l')ut with siraighlcr aiid^ 
ICvSs divergent divisions and a broad basal pocket, a, bold 1 rum. long 
and 0,45 mm. wide, margin subeotire to sparingly and irregularly 
"denticulate; antheridia mostly two or three inicmrh axil: fcmatct 
in'florescence apparently always terminal o:(k a. stem, oft't*n 'witli 



Evans: Notes on (;enus H'icrbkrta 


215 


one or more siiblloral iiinovcitions; bracts and l)racdxi)les siinilcir^ 

ill about tlirec vsericjs, those of the ionennost scades ,niostl>" 2.5 3.5 

null, long and o.7*'i).9 mm. ^1(1(3 subereiT" and appnissed to the 
perianth, bifid a little more than one half with slender, ai.:uminat:e, 
siibparallcl divisions, nuirgin co|')ioiis]y and shortly denticulate or 
dentate to or just aliove the level of the sinus, otlienvise entire; 
bracts and bracteole of the other series a little vshorter and often 
sqiiarrose, the divisions usually more or less divergent, the margin, 
varyi,ng- ,from denticulate to coarsely and irregularly dentate; 
paraphyllia occasionally present, small and irregular; perianth 
ovate, not contracted at the mouth, about 3.5 mm. long and 0.8 
nim. wide, divided for about half the length into six lanceolate, 
long^aciiminate divisions, papillae nuinerous along the margins of 
the divisions near the bavse and on the inner surface of the perianth, 
usually sessile but vsometimes borne on very short stalks: capsule 
brown, oval, about i mm. in diameter, splitting* usually into six 
to eight valvCvS; spores brown, about 25 ju in diameter, minutely 
echinulate; elaters lirown, usually with two loose spirals, rarely 
with three, about 10 g wide. [Plate 8.] 

The following speci.mens have been examined : 

Norway: Lyse near Stavanger, July, 1897, E, Jorgensen (dis- 
tributed as II. adunca (3 IIiitchin$i(w in SchifTnerls Hep. Eur. Itxsic. 
466; specimens from the same locality listed hy Kaalaas, as JL 
adunca, in Nyt. Mag. 'f, Naturv. 40: 247. 1902). 

ScoTiAND: Moidart, Invernevss, 1898, 1899 and 1901, S. If. 
Macvicar (listed as IL adunca in Jour. But. 37: [3]- 1899; speci- 

mens fr(),m same regie, n distributed as IL adunca ^ Iltdchinsiae 
in Schiffiicrls Hc'p. Eiirop. Itxsic, 467) \ wfithoiit definite locality 
or date, spec,;imen from Hooker herbarium; B(,m Vorlic,dL Julyi 
1901, 5 . ,M‘. Mxicvicar; Ben Lavigh, July, 1901:, li, TL Meldrum. 

,IiN(,';LANi.): Borrowdale, Cumlierland, July,' 1844, Mr* J3r0wu; 
April, 1893, IE, IL Pearson. 

Wales; (draig-y-can, Merioneth, May, 1.877, C. X Wild & 
TE. IL Pearson (distriimted UvS IL adunca in Carrington & Pearsoif s 
Hep. Brit. Exsic. 42)* 

Ireland: Bantry, Miss Hutchins; Killamey, B, Carrington 
(distributed as Sendtnera adunca 0 Iltikhinsiae in RabenhorsCs 
Hep'. Eiirop. 2/0); Brandon Mountain, D* Moore (distributed 'as 
'^Sendtnera juniperina Nees » Sendtnera adunca ;Dtck&on ''in, 
Gottsclie & Rab^horst^s Hep. Europ, . 4pi) V same locality,^, '''ho. 
'date, IE. severa'l' specimens; sa,me locality, 'JH’c-'', 
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Ardlc; M’angerton Mountain, no datu, IE d/'/Z/r//.; . 1 \ 1 1 . ( 'roinaglowii, 
R, Spruce; without dciinitu loivdity or date, vSfHM;iiiuni Irnrii llir* 
Hooker lierl )ariu in . 

Alaska: Sitka, collector and (la.te unknown (Hi'KT'iiucii reciivcd 
from Liiidl'iergs in the Austin herbarium); Ves lki\% August, 
r. Ilotvell iSio (livSted as IL admca by the writtir in Froc'. Wash. 
x 4 cad.Sci. 2: 309. 1900); Idot Spring, Baranof Island, jiuu*, 

IE Trelease J5AF'^> ^So8 (Harrinian Expedit:Ion, listcaJ as ,//. 
adunca by the writer, lx,)\ Metlakatla., M,ay, 191 3) ,/F IFy/m 
7 ( 5 , p7; T. C, Frye log in part; Ratz 'Marlx)r, June, cpFF 'E. (F 
Frye jog; Saltciy Cove, June, 1913, T. C, ,Ffy(? j*?o; Nichols Bay, 
June, 1913, r. C. Frye 3S4; M,orse Cove, June, 1913, T. C\ Frye 
446; Brownson Bay, June, 1913, T. C\ Frye 470; A, S* PPsler S^" 7 > 
Augustine Bay, July, 1913, T. C. Frye ydi; A. 5 . Fav/cr 677; Fort 
San Antonio, July, 1913, C. Frye 60s, Bay, July, 

1913, r. C. Frye gzy. The specimens of Frye, Foster, and \V3die 
were collected under the auspices of tlie Kelp Invest ig.'itioii 
Expedition of the United States Bureau of Soils, l1'K;‘y have 
already daeen listed by the writer, as , 77 . adunca, in I’bill. Torrey 
Club 41: 601. 1915. 

British Columbia: Fraser Reach,' Prlnc'ess Royal Island, 
June, 1899, F, F, Coville fe** 7 \ IL Kearney (Harriinan Ex|>('dilion, 
probably the basis for Osgood’s record of IL adunca in U, S. 'l’)e|')t. 
Agric. Biol. Siirv.' Bull. 21: 14. 1901); 'Port Renfrew, August, 

1902, A. Skinner (listed as IL adunca by tlie writer in Ikistelsi^i 
1906: 228); IJduelet, 1909, /. Macouu 2 (sjiecnmenH from same 
locality distrilmted as IL adunca l>y Miss I'laynes in Arneiv Hetiat. 
72 and l")y M'acoun in ("an. Liverworts AA) ;■ Swanson Bay, May, 
1913, I\ CL Frye 1174 (Kell) Expedition). 

The specimens collected l)y Miss Hutchins at Bantry, Irirkind, 
and now preserved in the Mitten herliaritini at the New York 
'Botanical Garden, should be considered tlie type of t:lie sfxadi's. 

The following records for IL adunca from Alaska should also 
be noted : without definite locality, date or collector’s iiiinie (iispMi 
by Underwood in Zoe i: 366. 1891); St. Paul Island, Frilxilof 
Islands, €. 17 . ifemaM '(listed by Merriam in IVoc. liioL Soc. 
Washington 7: 150. 1892). Underwood’s record was prolA'-ilily 

'based on Lindberghs specimens cited aliove, ' M^erriarnhs record, 
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liowcATr, w:is leased on specimens in the United St:atc\s National 
I'lerl-iariiini, ’whicli, in the writer's opinion, represent a sieiidcr 
form of An^keMa jtikicea ( 1 ,..) 'Duinort. This species is now known 
from several localities in Alaska, and* additional specimens, esseii- 
like thovse of Merriam, were collected on St. Paul Island, in 
1897, l)y T. C. Kincaid (4^)* 

The narrower and more deeply divided leaves of IL IIultMn- 
siae^ with their more slender and strongly curved divisions will 
usually distinguish the species from II, adnnea at a glance. Tii 
cloiil')tful cases the distinct vitta extending far out into the divisions 
will decide the determination. The more gradual tapering of the 
divisions is clearly brought out by counting their width in cells. 
In II. Iliitchmsiah, if the counts are made at a distance of 0.2 mm. 
from the apices, the divisions are found to have a width of from, 
two to four cells; in II. adunca the corresponding counts will 
usually give from five to eight cells. Counts at the IdUvSCS of tlie 
divisions are much less concluvsive, on account of the fact that the 
divisions in IL Ilutchinsiae are relatively longer, the bases there- 
by being often as wide as in II . adunca. 

Among the specimens listed above, those from Norway are 
somewhat aberrant. Although some of tlie shoots conform closely 
to the tyi:)e, otliers bear leaves which are considerably larger. 
One of tlic largest leaves measured had a length of 24 mm, and a 
width, of 0.95 mm. ; another, a length of 2 mm. and a width of i mm. 
The dorsal divisions of these measured, respectively, 1.2 X 045 
mm, and 1 .<,>5 X 04 mm. Since thcvse le^ives are redatively broader 
than is usual, it miglit appear at first siglit as if the large-leaved 
slM,)ots api:>rc)acht‘d II. adunca^ l:mt the distinct vittae present would 
seem, to |)recliide this idea. In all probaliility they represent 
shoots developed under unusual conditions, perluips exceptionally 
favoral:)le from a nutritive standpoint; the large leaves might the,n 
be regarded as abnormal. ■ 

The androecia in IL IIukMnsiae are not absolutely constant in 
position. In normal cases they are borne on the secondary stemS' 
just as in IL adunca. Under these circumstances an' androeciim' 

^ usually 'proliferates at, the apex and then produces a: new 'andtde^ 
cium after a short series of vegetative leaves. • An several inrtanc% 
however, androecia on ventral or'JateraP, branches' 'h^vevbeen;' 
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ol:)served. I'hcvse are apparently ne\i‘r [irodiietH:! ua!(‘ss i lie grew! li 
of the main male a,xis is l)rough(; to an end in some \\'a\\ possibly 
through the failure of a,n anclnaa'iniu to prolih*ra,lt,% possibly 
through an accident of some sort. In, either c'a so a braiicli lends 
to take the place of the main axi»s and, to assume its liinelioiis, 
prcdvsely UvS a ventral branch of a vSt.erile avis c:)r a sul)tlm*al !,nfi{ aai- 
tioii would do. When, therefore, an aodroeciurn is honu* mi a 
branch of this character, its position can not. !>e r(‘gar<led as t.y'picral. 

These considerations gain in significanc'e wlieii //. I:l itfchin.slae 
is compared with IL dicrana (Tayl.) Tnnds., a closely rcTUecl 
species of the Flinialayas, The writ.er’s knowledge of this s[Ha'ies 
is largely based on specimens received from Levier and collec,'l,ed 
by Decoly and Schaiil (^82) near Kurseong in Sikkim*! lirnalaya> 
in May, 1899. These specimens contain both rna!<,‘ and fmuale 
plants and are of especial interest l.>ecause tliey served as tli<» basis 
for Schifl'iier^s statements regarding the androecin of II. dicrana.* 
He notes their occurrence on the ends of liranches, their sniail 
size, the small number of bracts (about, four pairs) whicfi th(,‘y 
bear, and the fact that they are sterile at the a|.)ices. fFhe branches 
which bear the androecia are ventral and vary gr(‘atly in length* 
Sometimes the development of the antheridia l)rings the growth 
of the branch to an end, but a sterile proliferation, of the androecium 
often occurs. The formation of the male branches seems to l)e a 
perfectly normal process and is not t)receded by a c'.essation of 
growth of the main stem as in 11 . Ilutchinsiae. It folh.iws, tliere» 
fore, that what occurs alinormally in the northern has 

become normal in the Himalayan species* ' It should be imled, 
however, that ventral 'and, roecia are not alisohitely (x,)ust:aiil e\’en 
in II. dicrana. One example was observed wliete I'lie androecium 
was borne on a main stem; it had .somewhat kirger bracts and 
bracteoles than the ventral androecia l)ut res(unf,)le<,l tliem in other 
respects. , Aside fro,m the difference in the position «rf the audro- 
ecia, II. dicrana rcvsembles II. HukMmiae very ('.‘losidy, Tlu.j 
leaves and tinderleaves, the bracts and bracteoles, and liie |)cria.rit;Iis 
are ranchdlie same in the two species, although the divisions of tlic 
; leaves in II. dicrana usually are less strongly curved; Tlie lattcjr 
species, moreover, is slightly larger, the leaves arc! less crowded 
;;and the thickening of the celbwalls is leSvS proiiounced. 

Hedwitsia sqm 4^. tgto. 
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4. Herberta tenuis sp. nov. 

Schisma jumpcjiniim Sulliv, 'Musca Alteg-. 2^8. 1X46. Not; 

Diimoil:. 

Sendtfiera jtmiperlfia Sulliv.; A. (U’Ciy^ Man. 689. .1K48. Not 

N 

Ilerbcrki aihmea IJnclerw, IJot. (laz. 14: 195, 1889. Not: S, F, 

Gravo 

Yellowish or brownish green, rarely tinged with red, growing in 
more or less extensive mats: vsecondary steins erect or ascending, 
sparingly and irregularly branched, rigid, mostly 2-4. cm. long, 
about 0,15 inm. (or ten cells) wide and 0.13 nim. (or nine c'clls) 
tliic'k, outer layer of cells with strongly thickemed waills, interior 
cells with, slightly thickened walls: leavers scattered to loosely 
imbricTited, siibsciuarrose to slightly sc‘ciind, a little unsyrnmetricab 
sul,)ovate, mostly o.g-i mm. long and 0.3-0.35 ,11111,1. wide, l.)i,fid 
two thirdvS to three fourths, (livisions (in explanate lea.ves), 
divorgmit, slightly or not at all ('urved, long-acamiinate, mostly 
0.6-0. 7 mill, long and <,).T5 "-o.i 8 nnn. wide, margin entire or with 
an, occasional basal tooth; vitta dist'.inct, extending far out into 
the divisions but not to tlie ai.>ices, 'undivided portion about 

0. 1 mm. long a,nd 1,5 mm. wid(‘; cells of vitta mostly 20-'“55 X 14 g 

1, n the basal |,>ortion' and 2()*'-35 X 14 m in the divisions, marginal 
cells in the liasal region, about 14 ju in diameter, in the divisions 
about 17 cells lie tween margin and vitta al.ioiit 20 pl; thi€ke,nings 
distinct lint; not so st,r<,)ngly developed as in most si'iecies, in the 
vertical W'alls mostly $ wide; cuticle minutely striolate-ver- 
ruculose: uiideticaves similar to the leaves l;)Ut symmetrical; 
intlorcsccnce miknowii. [T,E,X'r fk;s. 21-29.] 

Ylu* following .specimens have been exiimined: 

Ntrw Ycmic: K<uiterskill Falls, Catskill Mountains, C. IL Peck 
(listed l,)y Iki'ck, ::is Smidtnera jtmiperma^ in Rep. New York State 
Mils. Nat. Hist. 19: 70. ,1866; botli ^XbauterskilF^ hb;ills and High 

,I\!ak, Catskill M^oimtaims, are mentioned here); Austiids Hep. 
I,?or.«Amer. fo, distributed as Sendtnera jumperiua^ is also IL 
knuis and may possibly include some of Peck, Is ma,terial, the label 
reading: ''Catskill Mountains, New York, Peck^ Cireenwood Mts., 
N. JC Aust.; also in the Alleghanies southwardd^ 

New Jersey: Greenwood Mountains, Passaic County, No- 
vember, 1866, C. F. Austin (listed by Britton, as' II. aduncaPlti 
Cat. PI. New Jersey 351. .1889); Austinks YIept Bor.-Am'er. 

(see above) 'is probably made, up, largely ■ of material from 'this' 
locality. ' ' ' ^ '' , , ' ' . , . ■■ „ 4; ^ ' '('k' ; 
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Pb:nnsylvania : Slony Creek, Soin(‘rs(,‘t F. 

Virginia: vSinimiit of Whit.e Top 'M'ouniaiin 
County, M'ay, iS()2, .4. If. Va-il & IL (i Hrithm o, i}i . and niiiiirr- 
oils unnumbered specimens; same localit'y and, date, J. /v. SuHtil 
77, 7p (listed by Small & Vail, as IL adunah di Mtam Tinny 
Club 4: 193. 1894). 

West Virginia: Tibbs Run, Monongalia. (aJimiy, Si‘plvnilH‘i% 
189,2, C. F, MiUspaugh 16 jg (listed by Millspaug'li, as//, adiinfa, in 
Prelim. Cat. FL W. Va. 496. 1892); Quarry Rini, Mrjiioiigalia 

County, 1903, A. LeR, Andrews, 



21-25. Leaven, X 40. 26. TraiiMverne . mTbn o( a iiiaiure ,slein* X 2.04 

27. Cells from the lower part of a leaf, ineludiiig the vitta just jihoVK* tht* hutciug. 
X 225, ' 28. Cells from the upper part of a cloisal h'uPtlivisItau X 225. »o. i’ells 

froru the 'apex of a 'division, X,225. Fig. 21 was drawn from spechm'us diHtrIhuied 
in Austin.^s Hep. Bor.-Ainer. S2; the remaining figures, from llie typi,* speeimmL 

North Carolina: “in montibus Carolinae,” P. Micknux 
(listed by Michaux, as Jungermannia, serlularoides, in FL Iktr. 
Amer. 2: 278. 1803), the label reading as follows: “Junga s<.t- 

tularoides Rich. FI. b. Am. a Jung, trichophylla vox ant non 
distincta! Hb. Hooker”; "in montosis editissimis Carolitmrum,” 
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1843, A. Gray & TF. S, SiiUhmil (distril:)iite(;F a^s ScJi-isma juniperi- 
fiuni^ in Siillivant's Muse, AIIcr. and listed by Sullivaiit, as 
Sendinera jimipemia, in A. (b-ay, M'an. 68(). 1848); top of 

Illack M,ouiitain, June, 1850, L. Lesquereux; Grandfather Moun- 
tain, August, 1891, /. Jv. Small 32 (also distributed, as TL adunca^ 
in Underwood & Cook’s Hep. Anier. 1.26); Grandfather Mountain, 
vSeptenilier, 1901, G. F. Aikinson 1.1420, iiyoi (listed by Andrews, 
as IL adunca, in Bryologist 17: 59. 1914); near Shulls Mills, 

Blue Ridge Mountains, September, 190T, 61 F. Aikinson 12034 
(listed by Andrews, Led). 

Dr. SmalFs specimen from North Carolina, No. 32,. may be 
designated tlie type. 

Two additional records for II . admica from the eastern United 
States .may li,kewise be noted, namely: Carbon County, Pennsyl- 
vania, E. A, Ran (listed by Porter in Cat. Bryoph. & Ptcridoph. 
Pennsylvania 9. 1904), and mountains of western North Carolina,' 

1907, A. J. Croui (listed by (bout in Bryologist 12: 54. 1909). 

In all prol)ability these records were based on II. tenuis. 

The present species is closely related to II. Ilutchmsiae but is ' 
considerably smaller. Although at first sight the small size might 
appear to l)e due to poor development, the study of a large series of 
specimens frc).m many ' localities shows pretty conclusively that 
tins is Iiot t;he case. The size is of course subject to more or less 
variation, as in all species of Ilerberta, but the measurements of 
the leaves given in llic description represent a fair average of the 
more rolnist p, hints studied, and are only about two tliirds as 
great as the corresponding ,measureme,nts in IL IIukMnsiae. The 
clifferenccj in size is firought out with especial clearness by counting 
the width of the liasal portion in cells between tlie vitta and the 
margin. In IL HtdcMnsiae such a count would give from five to 
seven 'cells; in IL tenuis from three to five cells. Aside from the 
difference in size the slightly curved or straight divisions in IL 
iemds and the thinner ccll-walls'will distinguish the species from 
IL llutcMnsiae, where the divisions are normally strongly curved 
and the tliickening'.of the 'cell-walls much, more distinctly marked. 

The basal ■ teeth in IL tenuis, although an i.nconstaEt feat'ure, 
deserve a 'few words of comment. '.'When they occur, there, 'may 
be one or, rarely,, two' teeth on each side, and' the underleaves tend 
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to produce tlieni more fre{|uent,ly tliaii the sid(‘“k‘a ves» Idle leelli 
are of fair size, involvin<;' several cells, and may he rnniidt'd nr 

sharp. In the latter case they are especially conspicumis i ri'-:xT 
FIG, 24), It haa already Iieen noted that teetli h>nu an iivipniiaiU' 
feature of tlie leaves in TL Sendtnerk wlK‘reas in, IL ml u nr a and 
IJ. Tlntckinsiae the margin is n(,)niuiliy tmtire. //. ieniiis ncaaifhes 
an intermediate position in this rc'spect, t!u? tA'idJi Inhyv k^ss 
frequent than in IL Scndfneri but more fre(|uenl' than in either ot 
the otiicr species. 

The present paper is based largely on material in the herl>a,rium 
of Yale University. This has been supplemeirtiHl l)y specinums 
f,rom the Taylor herV.iarium at Flarvard Unh'crsity anil Iroiri the 
herbarium of the New York Botanical (lardern Ailditional 
specimens have been, received from Professsr A* {a::Roy Andrews 
of Cornell University, from Mr. vS. M. Macvica/r of ,Iirvi;r!noidai1:, 
Scotland, and from Mr. C. Jensen of Hvalsi), Denmark. The 
writer would express his sincere thanks to all wlio have aidtid liiiB 
in his work. 

She,ffiklb Scientific - School, 

Yai.is University. 

of plate B 

Hkrberta lIi/TCHiNSiAii: (Guttsche) EAutis 

Figs, 1-3, Leaves, X 40. 

Fig. 4. Cells from tlie lower part of a IiTif, vshowing basal v,bta, X 

,Fig. 5. Cells from the dorsal base of a leaf, sbowiug two ,rm,limennir.v teetb, 
X 225. 

,Fig. 6. Cells from the upper part of a <,lorsal leaPdivisiou, X 2. if,'. 

Fig. 7, Cells from the apex of the ,suiue division, X. 2;.*5. 

ItiGS. B, 9. ,Perig'Oiiial bract.s, X 4 h. 

ItiG. "to, .Perichaetial liracl; from next to tln,^ last pair, X ;r;. 

.EOg, ir. Pw'idiaetial bract from the innermost pair of the same ho'ofnefv, X .rx 

JtiG. ,t2. Paiuphyllium from the same involucre, X 27, 

Big. 13. Perianth, spreaii out Hat, X 27, 

Fig. 14, Transverse seeti<m ‘of perianth, X 40. 

Fig. X was drawn from Irish specirmms collected by IL Carringlon s-iihI distri- 
buted in Rabenhorst’s Ilep. Europ. 220; Fta. 2, from Scottisli spti'cimens ('ollt'ciml 
by S. M. Macvicar and distributed in SchitTner's Hep. Ivurop. Exsie. 4fr/i tin* ri’. 
maining figures, from, specimens collected by T. C. B'rye at Fort Antmilo, .Ala, ska, fh^g. 
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The writer has prepared a monograph on the Hawaiian lobeliol- 
dcous genera Cyanea^ RoUandia, Clermontia^ DeMssea^ Tretnato- 
lobelia and and on the endemic vspecies of the genus Lo- 

belia. ' But owing to the length of time necessary for the publica- 
tion of the rather voluminous manuscript of the wdiole monograph, 
he thought it wise to publish the new species first in botanical peri- 
odicals or bulletins. The majority of the, new species of Cyanea 
and Clermontia have appeared in the writer’s book on the In- 
digenous Trees of the Hawaiian Islands (1913), in Botanical Bul- 
letin No. 2, of the College of Hawaii Publications and in the Bul- 
letin of the Torrey Botanical Club. With two exceptions the 
species and varieties described in the present paper belong to the 
genus Cyanea^ wliich has by far the largCvSt number of species of 
tlie lolielioideous genera represented in the Islands. Clermontia 
conies next, with RoUandia and Delissea following, 

, L Cyanea noli-me-tangere sp. nov. 

, ' Plant subherbaceous, 3--20 dm, high, terrestrial, branching only 
'When , broken, spinescent throughout,' with the exception of 
the ’ fruit and corolla; stem' 'green,' somewhat fleshy, entirely 
coveted '''With strong, 'pale yellow., hollow spines; leaves bright' 
green, O'vate-oblong, somewhat acute at the apex, rounded at the 
, base',' thin 'in,, texture,' irregularly, 'and sinuately notched, with 
;.toinute,mucronukte;' teeth along the margin,, covered with yellow 
'Spines at more or less,,yegular'''.'interval's, of-; 7--IO mm. on both 

,(The Bulletin Cor April pi r* S) was Issued ^pril 16. 
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siirfacesy 9-~2i cm. long, 4™7.5 cm. wiclcN on, spliiescciit pcfinlt's 
i.5“4 ciiL in length, glabrous or sliglitly pulnAScent; inllr'iresfeiin* 
axillary, the spiiiesceiit peduncle 2""2.5 cm. long, iiiiilfibnu'hale' 
two thirds its length; pedicels nim. long when in lIowrT, no 
inm. when ill fruit, pubescent with whitisli hairlels; calyx siiriilarlv 
pubescent, calycine lol')es triangular, acurniiK.iti‘i 3 iniiu long; 
corolla, greenish white, slightly pubescent, strorigl}' curved, 4 cim 
long, of unequal width, broadest portion (7 min.) Ijeyoiid llu* cj^ar- 
sal slit, the latter extending one third tlie length, o!. tliii corolla, 
lifiper corolla lobes 12 nim, long, the three lower 8 min. kmg; sla- 
minal column green, glabrous, as are the anthers, only tin* two 
‘h:nver being peiiicillate; stigma pubescent; fruit orang(‘«c*o!or(‘d, 
pubescent, ovoid, i cm, long; seeds dark brown, sliining. [hLA'iM’: q.j 

Hawah: terrestrial, in the forests of Glenwood, usually in 
the more or less uniform fern forest at an elevation of 3,5^0 feed,, 
March 20, 1908, li. L, Lyon 8S47 (fruiting specimens); December 
23, 1914, /. F. Rock & M. L, Copeland 10351 (flowering speciimms), 
type. Both specimens are in the herbarium of the College of 
Heiwuiii. 

Maui: in the rain forest on the northwuxstern slopes of M'L 
Heleakala, along the lionomanii trail, April, 1911, J. F, Rock Sygfki 
(leaf specimens only); in the forests back of Nahiku, at an cd<'Va- 
tioii of 4,000 feet, April, 1911, J. F. Rock. 

In Hillebraiicrs herbarium in the Botanical Miivseiuri ad: Ikniiii 
there are four specimens of a Cyanea wliicli Iw! lalichHl wilJi ;i 
manuscript name. Three of 'these came from Molokai and one 
from Maui. Two of the .specimens, which arc* uiKioiiljicHliy odafn,! 
to tl;ie w^ite^^s (A nolFmc-tangere^ belong to Cyama saibra i iillf'ird., 
while the, others represent two varieties, probal,fly of tfic la.ldc,r\ 

Cyafiea nolFme-tmigere differs from Cyanea mihra in tiu* spliii's- 
cent leaves and in the corolla lobes wlucli a:re suiootii iiisti^ad 
of scabrous. The corolla Iol.)eB of Hillebramrs i,)larits are alscj 
scabrous. , Cyanea mlFme-kmgere' ivS related to Cyanea pa la km 
Forbes. It differs from it in the longer-petioled, spiucsccmt 
leaves, which are ovate to obovate-'obloiig and not: sinuate, 

^ Cyanea palahea Forbes seems to be very dose to the wi'iler's 
Cyanea stictophylla from near the locality where Forbes coll(;‘c:rtcx:! 
his specimens.' 
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2, Cyanea Copelandii sp. nov» 

Plcirit herl)aceoiis, epiphytic, 30-40 cm. tall, not brancliiiig, 
stcMii flcvshy tliroiiglioiit, green, with distant leaf sc'ars; leaves dark 
greciK ol)loiig, acuminate at the apex, gradually narrowing and 
slightly rounded below', 22.5-27 cm. long, 5-8 cm. wide, on petioles. 
4.5-5. 5 cm. long, midrib prominent underneath as are the veins, 
tlie latter slightly impressed above, margin of leaf unevenly waivy,. 
minutely and closely denticulate, denticulation mucroniilate,. 
glabrate above, slightly pubescent belowc especially the veins and 
midrib, pubescence consisting of minute reddish brown liairlets;' 
inflorescence axillary, peduncles 4-5 cm. long wdien in Aowkt, 5.5 cm. 
longwdien in fruit, with a rusty colored pubescence; pedicels three 
or four, 1 1- 16 mm. long, 2 mm. thick, calyx greenish with purplish 
tinge, puljesceot, ovarian portion ovoid-oblong, i cm. high, 6111m. 
in diameter, ten-ribbed, the calycinc lobes triangular-dentiform, 
the tips dark purplish, 2 mm. long; corolla yellowish flesh-colored, 
slightly curved when open, of equal width throughout, 4 cm. long, 
6 rnm. wide, the dorsal slit extending not quite to the middle, the 
two upper lobes 2 cm. long, the three lower i cm. long, witli a 
purplish pubescence mainly along the nervCvS, the tips of thelobes\ 
mucromilate; staminal column green, pale, perfectly glabrous,, 
shorter than the corolla, the tube glabrous inside, with, the ex- 
ception of the base which is tufted with wliitivsh hairlets; .style' 
green, glabrous, stigma slightly two-lobed; anthers glabrous, the 
lower only penicillate; fruit dark orange, oblong, 15 mm. long, lo* 
mm. wide, slightly ribbed, crowned by the calyciiie teeth. [Plate. 
10.] 

Hawaii: on trunks of trees and tree ferms, not common,, 
in the ruin forest of Cleiiwood, at an elevation of 3,50a feet, 
.December 23, 1914, J, F, Rock Jlf. L, Copdand jojyo (flowering 
and fruiting specimens), type, in the herbarium of the College of 
Hawaii. 

Named for my friend, Mr, M. L. Copeland, who accompanied 
me on botanical excursions on Hawaii. The .species belongs to, the 
herbaceous cyaneas and is related .to Cyanea stictophylla Rock 
and Cyanea 'communis Rock. . 

' 3. Cyanea Femaldii.sp, nov.' 

Leaves lanceolate-oblong, thin in texture, when, 'dry: (charta- 
ceous), dark green ■above, paler .underneath, with' prominent mid- 
rib, siiberitire with somewhat' wavy' margin, :\minutdy and closely 
denticulate, bluntly , acuminate ' at the apex, 34-40 cm. long, 
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puberulous on both skies, the apparently iliNsby fniiole 12 ctiu f.)i' 
more ill length, near the blade of the leaf showing signs ol iiiiiri- 
cation; peduncle fleshy (apparently), nearly as long as ihc^ j>e!io!i‘s, 
8-10 cm. long or a little^more, naked its entire length, pubescent witli 
round scars near the apex; bracts foliaceous, 3,5 (an. long, (leni:ile, 
only present at the apex of peduncle; pedicels short, filiform, 12 15 
mm. long, pubescent; calycine lobes triangular, 2.5 mim long, tlie 
ovarian portion of calyx 7 mm. long, oblong, nearly cylindrii'a!, pin 
bescent; corolla evidently white, pubescent outside, slightly 
curved, 4 cm. long, 6 mm. wide, glabrous inside, the lolies noi 
muricate; staminal column glabrous, as well as anthers, tlie lower 
only penicillate; fruit unknown. [Plate ii.] 

Hawaii; without definite locality, 1851-1855, /. Hemy joi, 
type. Specimens are preserved in the herbarium of the Natural 
History Museum at Paris and In the Gray Herbarium. 

The specimen in the Paris Museum, a photograph of which is 
here reproduced, is labeled Rollandia and Delissea; the duplicate 
in the Gray Herbarium is marked Rollandia Iltmholdtiana Ciaud. 
That the species is not a Rollandia is evidenced by the free stain- 
inal column, while the absence of dorsal knobs would separate 
it from DeMssea. The species belongs, in fact, to the section 
Cyaneae genuinae and comes exceedingly close to Cyanea phiy>- 
phylla Hillbrd., differing in the long, narrowly oblong leaves and 
in the exceedingly long peduncles; otherwiwse the two species cor- 
respond closely. 

The plant is named for Professor Fernald of the Gray Herl>a- 
rlum, to whom the writer is indebted for inaiiy favors recxnvixhirid 
especially for the loan of this particular species. The type is in Ihc* 
Gray Herbarium, Remy, No. 301. The writer had at fifvSt dra:wii 
up a description from the specimen in the Paris Museum, wlticli is 
much better than the type specimen. Unfortunately the descrip-' 
tion was in some way lost after the specimen had been returned to 
Paris. Professor Fernald then sent me again the one in the Gray 
Herbarium, from which the description is drawn. The illustration 
represents the much more complete specimen in the Paris Museiinu 
The writer had the Paris and Gray collections of Lobelioideae at 
his disposal for study at the^same time, so there is no mistake in 
the identity of both specimens here in question. 
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4. Cyanea Remyi sp. tiov. 

Plant glabroUvS throughout; lea\T\s thick, chartaceoiivS, mostly 
3<S“40 cm. .long Jiiid 15 cm. wide, on petioles lo-ia cm. long; 
peduncle 7-8 cm. long, pedicels filiform, i cm. long; ilowens (only a 
single flower bud remaining) purplish pink, glabrous, and of very 
thin texture. [Plate 12.] 

Kauai or NniLVU: without definite locality, 1851-1855, 
Rem-y 302 bis, type, in the herbarium of the Natural History Mu- 
seiim at Paris. The specimen is labeled Delissea but represents a 
typical Cyanea. The species has not again been collected and is 
very distinct. Nothing is known in regard to height or habit of 
growth. 

5» Cyanea Bishofu Rock, Indig. Trees Haw. IsL 509. 1913. 

Cyanea KnnlMana? Plillbrd. FI. Hawaiian Isl. 264. 1888. Not 

Delissea Kunthiana Gaud. 

Maui: on the ridge overlooking Wailuku, back of Lahaina, 
West Maui, January, 1871, E. F. Bishop, type; slopes of Haleakala, 
wet forest between Waikamoi and Honomanii Gulch, along Kula 
pipe line trail in dense swampy jungle, wi^st of Olinda, ICast Maui, 
at an elevation of 4200 feet, October, 191:0, J. F. Rock S$^2 
(fruiting specimens); May, 1911, J. F. Rock 8806 (flowering speci- 
mens). Type spc^cimens are preserved in the Gray Herliarium 
and in tlic licrbarlum at Berlin (Plate 13) ; the other two specimens, 
which agree with the type, are in the herlmrium of the College of 
Hawaii ( 1 Tati<: 14). 

With llie type B|:)ecimen in the Gray l^lerbarium is a letter 
addressed to Pnjfessor Asa Gray l)y Mr. Bishop, who writes as 
follows: 

I have rectnitly ctinie to East Ilamptou, Jiitic 15, ,iH72, from the Hawaiian klancla 
and have brniiK:li,t a few plants which I have coUecU^d. While tliere I iiad coinmimU 
catinii with Dr. Ilillelirand who has made large coUc^ctirniis. But he lot for Germany 
where he intends publisijing- a work on the Island Flora. I have tlierefore some 
plants which are entirely new. All iny collections have l>een made on West Maui. 

I enclose two plants herewith: a Cyanea found at an elevation of 4,000 feet. It 
was unfortunately not quite open but the buds are large and apparently of lull size. 
The plant has a simple upright stem about 2 to 4 feet high, There ate probably 
10 to 1 $ full-sized 'leaves closely ranged at the apex ot the plant. 'The specimen', is 
full sized. Found January, 1871, , : ■ 

He 'then refers 'to the other 
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foot of the letter is :i note, prolialily written by lh“oless<ir tiniy, as 
follows: “Write and send the Cyanca to ililleln-and.” 

Hillebrand referred this plant doubtfully ioCyauen Knnthiana 
(Gaud.)) a species figured but not described l»y its author* umler 
the name Delissea Kunthiatm. That it is not this species is evi- 
denced by the fact that the lobes of the matun; corolla are eMcc-ed- 
ingly short and retrorsely dentate or scalsrous; the wiiole aspect, 
moreover, is different from the plant figured. 

6. Cyanea truncata comb. nov. 

Rollandia truncata Rock, Coll. Haw. Publ. Bol. Bull. 2: 44. 19 1 3- 

After careful reconsideration, while arranging the manuscript 
for his monograph on the Hawaiian Lobelioideae two years ago, the 
writer came to the conclusion that this species must be trans- 
ferred to the genus Cyanea. The starainal column is free from the 
corolla and therefore belongs to Cyanea, even if the whole outward 
appearance is decidedly that of a Rollandia. It seems to furnish 
the intermediate between the two genera, as was pointed out by 
the writer in the original publication. Cyanea J-uddii Forbes (Occ, 
Pap. Bish. Mus. 6:3, 68. 1916) is probably identical with it. 

The type of the species is shown on Pjlatk 15. 

7. Cyanea angustifolia Hillebrandii var. nov. 

Cyanea angustifolia (Cham.) Hillbrd. PI. Hawaiian Isl. 253. 1888 

(in part) . 

A small, sparingly branching shrub 2 m. high, branches slender, 
glabrous; leaves ovate to ovate-oblong, 8--I4 cm. long, 3-4 cm. 
wide, on petioles 2. 5-3.5 cm. long, glabrous above, puberulous 
underneath, serrulate to crenulate, acute at both ends, peduncle 
very short, 1-1.5 cm. long; pedicels 5-10 mm. long, fiowers as in 
the typical form of the species, only very small, 15 mm. long, 1,5 
mm. wide. 

Maui: northern slopes of Mt. Haleakala, Keanae Valley, at an 
elevation of 1,000 feet, April, 1911, J. F. Rock S^gg (flowering 
specimens), in the herbarium of the College of Hawaii. 

* Voy. Bonita pL 77. 1 839-52. 
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8. Cyanea angustifolia lanaieiisis va,r. iio'vc 
Cyanea angiisidfoUa Hllll,)rd. L c. 

Idaiit 3”4 m. branching a few decimeters above groiindj 
the branches erect and densely foliose at the apex; leaves dark 
green, membranous, glabrous on both sides, elongate-oblong, 
bluntly acute at the apex, rounded at the ],>ase, or slightly uneven- 
sided, coarsely serrate with uncinate teeth, I0”i8 cm. long, 4-5 
cm. wide, on petioles 4,5--6 cm. long; racemes much shorter than 
in the typical form of the species, about 3.5 cm. long, few-flowered, 
flowers smaller, whitish. 

Lanai: without definite localities, 1851-56, /. Remy 304; 
July, 1870, W.Hillebrand; Mahana Valley, July, 19x0, J". F. Rock 
J0257; Kaiholena Valley, July, 1910, J. F. Rock 8033, The first 
specimen mentioned is in the herbarium of the Natural History 
Museum at Paris; the last two, in the herbarium of the College of 
Hawaii. 

The variety lanaiensis differs from the typical form of the 
species in the broader leaves, rounded at the liase and coarsely 
serrate with uncinate teeth; also in the short and few-flowered 
racemes. 

9. Cyanea ferox horrida var. nov. 

Cyanea ferox ^ var. Hillbrd. FI. Hawaiian Isl. 259. 1888. 

A branching shrub 18-22 dm. high,, branching usually at the 
base, triuik and branches covered with thorns; leaves all pinnati- 
sect, crowded at the apex of the branches for al:)oiit 25 cm., pe- 
duncles arranged all along the branches for about 25 cm., four to 
five flowered, bracteate at the apex, bracts 5 mm. ; pedicels 10 mm,, 
bracteolate at the middle; flowers unknown; berry ovoid, 
mm., bright yellow, crowned by the calycine lobes. 

M'aui: western slope of Mt. Haleakala, in dense forest on the 
slopes of the crater Fuukakai, at an elevation of 4,500 feet, along 
watercourses, quite abundant in company with Cyanea hamatiflora^ 
Rock, Rubus ha%vaiensis Gray, Cyanea macrostegia Hillbrd., etc., 
March, 1912, Rock & Ceresole 10036 (fruiting specimens), m'the 
herbarium of the College of Hawaii. 

10. Cyanea Grimesiana cylindrocalyx var. nov. 

„ Leaves pinnate at the base, pinnatisect 'towards the apexr/the 
pinnae sinuately notched or lobed,.'the lobes' den ticulatettoali^ 
/tube,' long, oylindrical, 2.5-3;5 pm., including the ovarian portion, 
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irregularly lobed, the lobes of uneven Icsiglh from 4-10 iimi., eoroll.i 
more or less hidden in the calyx tube, dark purple; I lie uiiper 
anthers not bearded. [Plate i(>.] 

Hawaii: Waipio Bay, December, 1851 (?), J. Kcmy (wish- 
out flower or fruit), in the herbarium of the Natural History Mu- 
seum at Paris; Waipio Valley (Waima branch), July 16, niotj, 
J. F. Rock 462g (flowering specimen), type, in the herijariiun of 
the College of Hawaii. 

A distinct variety, differing in the very shortly and unevenly 
lobed, cjdindrical calyx, and in the upper anthers which are not 
bearded; the leaves are not openly pinnate, but closely pinnate in 
the lower portion and pinnatisect in the middle and upper portions 
of the leaf. 

II. Cyanea Hardyi sp. nov. 

A small tree 5-7 m. in height, with several straight ascending 
branches bearing large crowns of leaves at the apices; branchlets 
covered with leaf-scars; leaves narrow, linear-oblong, chartaceoiis, 
the margins crenulate to denticulate, denticulations close in the 
upper portion, coarser and wider apart in the second third, 
lacking at the base, midrib prominent underneath, the veins 
purplish, closely reticulate, dark green above, lighter underneath, 
20-30 cm. long,^ 2.5-5 cm. wide, acuminate to acute at the apex 
gradually tapering into a margined petiole 2.5-8 cm. in length; 
racemes very slender, axillary, in the axils of the leaves and 
below the crown of leaves in the axils of the scars of fallen leaves, 
20-25 cm. long, naked in the lower three fourths, minutely hrae- 
teate; the filiform pedicels bibractcolate at the* middle; flowers 
deep purplish black, the calyx turbinate, strongly ribbed wlu'n 
dry, minutely toothed; corolla semi-curved, the ’dorsal slit I'x- 
tending to the middle, glabrous, anthers and slaminal column 
glabrous, the lower anthers bearded; fruit unknown. 

Kauai: Olokele Canyon, at an elevation of 1400 feet, Novem- 
ber, 1915, W. V. Hardy 12767 (flowering specimens), type, in the 
herbarium of the College of Hawaii; Olokele Canyon, one mile 
from intake, October, 1916, J. F. Rock 12765 (sterile specimens 
only); same locality, October, 1916, A. P. Hitchcock 15242, in 
the United States National Herbarium; below Kaholuamano, at 
an elevation of 2600 feet, October, 1916, J. F. Rock 12766 (with 
undeveloped racemes). 

The species is named in honor of Mr. W. V. Hardy, A.s.sisfaiit 

Engineer in the United States Hydrographic Survey. ' 
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In the C'ollegc of Hawaii Publications, Botanical Biilletiii 2, 
the writ(.‘r st'ated tlnit Cyanea coriacea (Oray) Rf)ck was a very 
variable vSpecies and that the racemes in J. Rcmy’s No. 302, pre- 
served in the lierl^ariuni of the Natural History Musciini at Paris^ 
were not fully developed. This naml,)er was collected on the 
island of Kauai, in 1852, and a duplicate specimen preserved in 
the Gray Herbarium served as the type of DeUssea coriacca Gray 
{Cyanea coriacea Rock), The species is characterized by thick, 
leathery, long-petioled leaves and by very short and stout racemes* 
It has recently been collected by W. V. Hardy in the Waioli River 
Basin, Kauai, at an elevation of 5000-7000 feet, this Vicing the 
second known locality for the plant. 

Another vSpecies of Cyanea^ with racemes 7-22 cm. in length, is 
known to the writer from abundant material. It was originally 
collected by PItllebrand and referred by him to DeUssea coriacea 
Gray. It was afterwards found by the Ablie Faiirie and proposed 
as a new species by Leveille under the name Cyanea Fatiriei^ tlie 
long racemes being emphasized in his description. This species 
is clearly distinct from DeUssea coriacea and must stand as a good 
species. 

In certain respects C. Ilardyi is intermediate between C. Fauriei 
and C. coriacea. It differs mainly in its leaves, which are Hnear- 
olilong Jind acuminate, tapering gradually into a margined petiole. 
It is further characterized by its habit and liy its dark purplish 
blacdc inflorescence. In C. Faimei the leaves are oliovate-oblong, 
with longer {letioles an<l abruptly cuncate at the ba.sc, the petioles 
not lieing margiiuid; the inflorescence is pale lilac and more roliust. 

The following species, given in their natural order, range into 
each other and are conset'iuently very closely related: coriacea^ 
C. Fauriei, G. Ilardyi, C, spaifiulata Rock, G. angusidfoUa ((fliani.) 
Hillbrd., C. comakt Rock, and perhaps G. Mannii Rock and G 
obkisifolia Rock. 

' 12. Lobelia kauaiensis villosawar. nov. 

Stem 6-10 dm. high, covered with leaf-scars as in tlie typical 
form of the species, inflorescence branching candelabra-like, or 
single spike about '55 cm. long and i cm. or more in ' diameter,; 
villous-hairy throughout, light green in color; lower leaves obldng, 
sesvsile with a broad 'base, 9-14' cm. long, j.S'Cm. wide, ^ith thick 
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prominent midrib and obscure venation, bluntly aciiti,:* ;it tlu^ iifiex, 
glabrous below with tlic eKceptio,n of the midrib and tin* (‘iilire 
margin, pubescent above, upper kiaves grudii:illy rodiH'i'd to 
foliaceoiis, broadly ovate i)racts; raceme more dc,msely' 
than in the typical form, villous, the ilowers arranged ah mg 
upper third of the spike, pedicels and calycine tulx*, vi!k,)us witii 
whitish gray hairs, the calycine lobes green, but clliali^ at t1u„^ 
margin; corolla shorter than in the typical form but l)roar.k:‘r, 
whitish green, the veins very indistinct, only visible in the buds, 
slightly purplish tinged. 

Kauai: Mt. Waialeale, at an elevation of 5,000 feet, September 
23, 1909, J. F. Rock s82ja (flowering specimens) ; Octoljcr 2 1 , i pKb 
/. F. Rock & A. 5 . Hitchcock 12741 (also flowering specimerus), 
type. Both specimens are preserved in the herbarium of the 
College of Hawaii, 

A much stouter plant than the typical form of the species, differ* 
ngin the broad, fleshy,oblongleaves,and broad, ovate bracts. The 
wholeaspect of the plantis different; the typical form is glabrous and 
has dark purple, slender, glabrous racemes, while the racemes in the 
variety, which is almost worthy of specific rank, are thick, stout, 
bright green and villous throughout. Thevillosityandcompactchar* 
acter of the plant are not due to location, for both the ty|:)ical 
form and the variety grow side by side in the open l)Og of Mt. 
Waialeale on the island of Kauai, at an elevation of 5,000 feet, in 
company with Compositae, Drosera longifoUa L., several s{)ecies of 
Plantago, Panictmt monticola Hook, f., P. isachnouli^ Mamro, P. 
imbricaPum Hillbrd. and Oreobolus furcuius H. Mann. 

13. Lobelia Gandichaudii coccinea var. uov. 

Stem 3-7 dm. long, foliose at the apex, the vsiiigle spike a 1 x::Hit 
60 cm. long, leaves narrow, oblong, bluntly acute at the apex, nar- 
rowing at the base but sessile, 15-18' cm. long, about 1.5 cm. 
wide; the raceme open-flowered, glabrous throughout, flowers 
smaller than in the typical form of the species, glabrous, deep car- 
mine red. 

Oahu: summit of Mt. Konahuanui, on the very edge of the 
cliff overlooking Waimanalo, September, 1912, Glen W. Shato 
12742 (flowering specimens), type; Mt. Lanihuli, September, 1914, 
/. F, Nelson &' X Stone 10003 (flowering and fruiting specimens). 
Both specimens are preserved in the herbarium of the College of 
'Hawaii. 



Rock; Notes on Hawaiian Lobelioioeae 


239 


ThivS rather handsome plant is quite distinct from the true 
Lobelia Gaudichatidn DC., differing in the sntaller deep red flowers, 
narrow lanceolate . leaves with a pubescent midrib, and long, 
slender, loosely flowered, glabrous raceme. 

College of Hawaii, 

Honolulu, Territory of Hawaii. 

Ejxplas&atiost of plates 9-16; 
r*LATE 9 

Cyanea noH-me4afigeyc Rock. Photograph of the type .specimen. 

I^LATE 10 

Cyanea Copelandu Rock. Photograph of the type specimen, .somewhat reduced. 

PI.ATE II 

Cyanea FernaldU Rock. Photograph of the specimen in the Paris Museum. 

Plate 12 

Cyanea Remyi Rock. Photograpli of the type specimen. 

Plate 13 

Cymea Bishopii Rock. Photograph of the specimen in the herbarium at 
Berlin. 

Plate 14 

Cyanea BishopH Rock. Photograph of East Maui specimen collected by the 

miter# 

Plate 15 

Cyama truneata Rock. Photograph of the type specimen. 

Plate 16 

Cyama Grimesiana cylindrocalyx Rock. Photograph of the type specimen. 




A critical study of certain species of Mucor* 

Alfred H. W. PovAtt 
(with plates 17-20) 

L INTRODUCTION 

The Mucorales have been widely investigated in Europe for the 
past half century; - consequently much lias been written about 
them and many have been described. In this country, however, 
such has not been the case; for, with the exception of several 
papers on some of the rarer genera, Blakeslee’s (1904) important 
publications on the sexual reproduction of the group comprise 
tlie only American contributions to a knowledge of these most 
interesting fungi. The Mucorales include a large number of 
forms, exhibiting considerable variation; in fact, the individual 
|)lants arc quite plastic, so that we may obtain striking differencevS 
within the species under different external conditions, such as 
medium, light, temperature and moisture. It is, therefore, ex- 
tremely desirable, when dealing with descriptions of species in this 
group, to have full data on the most important growth conditions. 
Thus far this fundamental fact has been under-emphasized in the 
work on tlie miicors, es|)ecially on the taxonomic side. 

The object of the present work is an attempt' to vStandardize 
and unify the genus Mucor with reference to the morphology of 
Its individual species and their cultural reactions. The lack of a 
gmieral knowledge of tlie pliysiological attributes of the many 
species which have hitherto been described makes it desirable to 
gi've these forms a detailed comparative study in order that some 
fimdamental standard for their future 'classification aiiay be ob- 
tained. 

Tlie investigations, upon which this paper is based, have been, 
ca,.rrietl on during the years 1913, 1914, and 1915 in the Cryptogamici 
I.alioratory of the University of Michigan under the direction of 

* No, 159 from the Botanical Department of the University' of 

M,ld'iigaiL , , , , , " ' ' ' 
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Dr. C. H. Kauffman, whose constant; interest .iiiil !ie!|tliil et iiieisni 
arc hereby gratefully acknowledged l>y the wriler. 

IT. HlSTORlCAi. 

I. CuLTURK Micnions 

In De Bary’s Morphologic mul Physiologic der I’il'/.i', ideehlen 
unci Myxomyceten (1866) the application of culUira! nietlnids 
to Mucor is mentioned for the first time, in the following words: 
“Sie [Jf«cor Mucedo] wachst spontan und in den Culturen atif 
faulenden Friichten, Speisen, Zuckerldsungen und besondei-.s iitspig 
auf Mist.” To Brefeld (1872), however, belongs t he honor of having 
been the first to realize the necessity of employing the single siwre 
culture method. On page 25 of the first Heft of his Botanisclie 
Untersuchungen fiber Schimmelpilze, we read the following: “Der 
Weg der Cultureiner einzelnen Spore untcr Uickenloscr Vc*rfolgung 
ihrer einzelnen Entwicklungsmomentc, unter Verraeidung der 
vielen und zahlreichen Fehlerquellen, wie sic durch Invasion 
fremder Pilzsporen entstehen, kann allein die Basis fiir die Kennt- 
niss und Klassification dieser Schimmelpilze abgeben.” His 
method was very simple. He placed on a slide a single spore iji 
a drop of freshly prepared horse dung decoction. The slides 
were observed directly under the microscope and when not in 
use were kept on a zinc plate covered with a bell jar standing in 
water to keep the air moist. He undertook a study of Mncnr 
Mucedo (De Bary says “at my instigation”) in order to learn 
whether De Bary was correct in his “apparently irregular pleo- 
morphy” conception of the “collective so-called Mwor Mucedo.** 
As a result he found that De Bary, owing to his crude culture 
method, had been dealing with an impure culture, having intro- 
duced Chaetocladiim into the cycle of Mucor Mucedo. 

G. Klebs (1898) does not go into detail with regard to h'is 
culture methods, nor does he mention a single spore culture. He 
used, for media, those substances which had proved the most 
favorable for the mold he was studying (Sporodinia grmdis Link). 
These he found to be bread soaked with plum juice, slices of carrot 
and plum juice agar. 

Oudemans and Koning (1902), making a study of the myco- 
iogical flora of the soil of the Netherlands, give their tedmique in 
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details They used soil extract with lo per cent, gxdatiii or 1.5 
per cent, agar, l)ut inasmuch as some fungi grew very slowly on ■ 
these media, they added 2 per cent, of cither saccharose or glucose. 
The following nutrient also proved ver^^ good in some cases : wort 
55, wa,ter 50/' saccharose 2 percent., gelatin 10 per cent., or agar 
1.5 per cent. This medium alwa>'s gave an acid reaction, but was 
used without neutralization. The manipulation may be outlined 
as follows: a fragment of humus from near the surface of the soil 
was introduced into a (previouvsly sterilized) platinum crucible. 
About I c.c. of sterile wxiter wiis then added, and the fragment 
of humus was triturated witli a llamed glass rod, flattened at the 
end. A small amount of this infusion was transferred with a 
platinum loop to a test tube containing about 10 c.c. of water. 
The contents of the test tube were then emptied on a poured plate 
(Petri dish), which was inclined so as to allow the excess water 
to drain off. Their so-called pure cultures w^erc made in one 
of the following wiiys: by cutting out a piece of the substratum 
with the organism on it; by transferring a fragment of the my- 
celium; or by transferring some spores to a newdy poured plate. 

In Hagem’s (1908) method we are at once impressed with the 
fact tha.t to him pure cultures from a single spore are prerec|uivsites 
for any investigation. His method is as follows: with a platinum 
ncxxlle some spore material was transferred to a flask containing 
about 30 c.c. of vSterile wiiter. After a vigorous shaking to separate 
the spores, a few cubic centimeters of the dilution were poured 
into a, second flask containing water. This was repeated once 
more ajid then 2 c.c. of this' final dilution were poured into a 
Petri disli contJiining solid nutrient material, care 'being taken 
tl'iat the entire .surface was', moistened; the excess water was 
then poured off. After the cultures had stood for twx:)'or three 
days at room temperature, tlie cover of the Petri dish was re- 
moved and tlnx plate was examined, under The microscope for' 
an isolated growth deri'ved from a single spore* If such was' found, 
it was cut out and transferred with. a ^ small anioimt of the sub- 
stratum to a new dish* In his isolation of ,the' soil-inhabiting' 
forms, Hagem simply sprinkled a, small amount o'f ■ soil over three 
orTouf' Petri 'dishes containing nutrient' media. The one caution 
T'hat'die. gives^ is, that 'forms; must be separated as soOn m the 
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Sporangia are formed; otherwise small forms jiri' ox'ii-grmvn ^ l>y 
the larger and more rapidly growing ones. 

Blakeslec (1904), in his epoch-making study on tlie Sivviiafh 
Reproduction in the Mucorineae, demonstrates liis skill as a, 
master of culture technique. In addition to the usual iiunliods 
of gross and single spore culture, he devised a novel |)roeediire for 
isolation of the two (plus and minus) strains. I'liis eonsisted 
in teasing out an immature zygospore and placing it on a, nutrient 
suitable for growth. After .many unsuccessful alternt)ts lu,* dis* 
covered cases in which growth from both suspeosors occurred in 
suflicient amount so that they (both) could lie transferred (o a. 
fresh culture. In his investigations he employed many different 
kinds of media among which may be mentioned fruits, egg, pr^iato, 
milk, urine, and bread. 

It is diflicult to appraise Lendner's (1908) method, which he 
does not present in detail. Presumably he used shigk^ s|;)Ore 
cultures, but in discussing his methods, although he s|)eaks of 
''dilution methods in use in bacteriology,’' he makes no mention 
of a single spore method. 

h or isolating soil fungi, Jensen (1912) mentions wseveral metliods, 
among which is described an iron tube for taking soil samples. 
This, however, proved unavailable in frozen soil Thus lie dug 
a trench 24x10x12 inches deep, and after removing the soil 
from the side of the trench with a sterile scalpel, lie transferred 
the earth sample with the reflamecl scalpel to a wide-mouflKtl 
bottle. In plat'ing out his soil samples he either transferred 
particles of vsoil to poured plates directly, or else he rmide dilutions 
and, then inoculated the poured plates with this dilution, ,11c 
examined the inverted plates under the microscope, and when a; 
germinating spore was found, he marked its location with a drop 
of India ink, cut it out, and transferred it to a new plate. 

As Bainier (1883) and Schostakowitsch (1896, 1897, 1898) do 
not discuss their culture method in any great detail, it is impossil,:)le 
to judge whether they used a single spore as a starting point for 
their cultures. Schostakowitsch appears to have used bread 
chiefly, as a substratum, while Bainier' mentions having employed 
horse dung and also various sugar solutions in addition to l)rcacL 
Sumstine’s (1910) reference, to his cultural data is so frag* 
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iiieiitary that it is impossible to know anything besides the sub- 
strata that he used. Among these, the only nutrient, with the 
exception of horse dung and meat, is bread. 

2. Taxonomic 

Inasmuch as the early histoiy of the genus Mucor has been 
given in detail by Fischer (1892), we shall begin with the work 
of De Bary (1866). The latter included in Mucor many forms 
which have subsequently been shown to be distinct. For example, 
he attributed ‘bin apparently irregular pleomorphy of reproduc- 
tive organs'’ to Mucor Mucedo, including and confusing with it 
not only Chaetocladmm but also Thamnidum, These somewhat 
startling results, as we have seen before, are to be explained by 
the crude culture methods in vogue in his day. 

Brefeld (1872) made an important contribution to the system- 
atic study of the Mucorales by showing that the polymorphism 
of previous authors did not exist. He it was who first gave us a 
clear conception, of Mucor Mucedo^ although he (at least in his 
early writings) included Sporodinia, Phycomyces, Rhizopus^ Chaeto-^ 
cladium^ and Chaetocladium in the genus Mucor, recognizing only 
one other genus, v\z.,PUoholus. However, after studying Chaeto^ 
cladiuni and Piptocephalis in detail he decided that they were 
botli generically distinct frotn Mticor. 

Van Tiegliem (1873, 1875) has contributed more to our taxo- 
nomic knowledge of the Mucorales than any otlier^ penson, but 
practically all of his work lies outside the genus Mucor, he having 
described and named only two species, Mucor plasmaticm and 
Mucor circine-lloides. His work, therefore, in so far as the genus 
Mucor is concerned, consisted in defining the genus by removing 
all the closely related genera that were confused with it at' that 
time. In liis second publication (1875) we have the only reference 
to his idea as to the determination of the species of the genus 
Mucor. He^ says: Depuis plus de trois ans que je m'occupe de 
cette famille;j’ai dtudi6 et cultivS plus de treat espfeces de Mucor, 
et souvent encore j’e,n d6couvre de' nouvelles. Elies se r^partis- 
sent en quatre sections. Le filament sporangif&re demeure, ; en 
effet, simple chezles lines, tandis que chez leS' autresil se ramifie 
latfcdement aprte' avoir produit son sporange terraiiml. E,nsuit:e, 
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siiivaiit qiie, dans le premier, le filament sporaiigilere est done on 
non d'accroisement iiitercalaire, qii’il est elanee on 8iii\'a,fit, 

qiie, dans le second, le ramification s^opere en gTajipc on i*ii cyintA 
cliacuii de ces dciix groiipes se partage a son tour en deux sciciions. 
La monographie de genre Mucor et la description detaillec iks 
noiiibixiises especes qui le constituent est done iin tra-vdil d’assc'Z 
longue lialeiiie, c|iii doit faire Tobjet d^ine puldicatioii sixxn’aled^ 

Scliroter (1889) did not recognize Circiitelkif RhiaopnSf aiif'! 
Spinellus as genera, but regarded them as siibgenera under Mucor. 
Under his subgeniis Eiimucor, which was the genus as we now con- 
sider it, he gave but seven species, which are reduced to five wlicn 
considered from our present knowledge of the genus. In lu.:igler 
and Praiitrs Die natCirlichen Pflanzenfamilieii (1892) Sclirolcr 
still retained his all too comprehensive genus If having adxled 
a fifth subgenus Pirella. 

Saccardo (1888) included descriptions of some s(iverd:y-eiglvt 
species of Mucor^ of which less than ten arc now recognized as 
authentic species of Mucor, His only separation, or att.eiBf)t at 
such, was a division into two groups, the first of wliich contains 
those forms in which the sporangia are slightly colored at maturity ; 
the second, those which have hyaline sporangia at maturity* 
Under the first division he included a subdivision containing forms 
with ovoid spores. 

Fischer (1892) was the first to monograph the genus Mucor ^ 
giving twenty-one speciCvS with an analytical ' key. He first 
divided them into three sections, according to whether they were 
simple, monopodially or sympodially liranched. These lie again 
divided: the first section was subdivided according to the nature 
of the turf— whether remaining erect or soon collapsing; 
second and third sections were subdivided according to their method 
of branching. Fischer, referring to his key, says that inasmucli 
as the, species have not been studied thoroughly, “die folgcmdc' 
Zusammenstellung kanri deshalb nur als eine provisorische be'inidit 
werden.”' 

Schostakowitsch (1896, 1897, 1898), in his studies on the 
Siberian mucors, found nine species, seven of wiiich wx^rc new to 
science. He found that, Mucor Mucedo and Mucor nicmmsm^ 
which 'were supposed to be of common occurrence throughout 
"the world, grew seldom if at all in Siberia. 
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Altlioiigii Bainier (1883^, 1883?;, 1903) described sixteen new 
species of Mucor, only six of these can be identified from liis frag- 
mentary descriptions. Moreover, not more than two of the six 
species w^’crc completely described. 

Blakeslec (1904), in dealing with the genus Mucor, merely 
designated liis different forms with Roman numerals, of which 
I and II were homothallic forms and III to VI inclusive were 
species lieterotliallic. 

Hagcm (1908, 1910&), limiting hinnself to a study of the air- 
and soil-inhabiting forms in Norway, isolated seventeen species, 
of which seven were newn Although he retained Zygorhynclms 
as a genus, he did not treat Rhizopus in like manner, but reduced it 
to a ‘'Siibsectio’’ under Mucor. In , his key he retains Van 
Tieghem's grouping into forms with simple, racemosely, and 
cymosel}." branched sporangiophores. 

Lendner (1908) has sativsfied a long-felt need in his publication* 
In 'the preface to his wmrk we find that he has limited himself to 
a treatment of the genera which contain many recently described 
species. He recognizes fifty-one species under the genus Mucor^ 
including Glomcnda repens Bain., Parasitella simplex Bain.,, 
Zygorhynclms Moelleri VuilL, and Zygorhynclms lietcrogamus 
ViiilL under the names Mucor Glomerula Lendner (Bain.), Mucor 
parasiticus Bain., Mucor MerfZm ViiilL, and Mucor hekrogamus 
Viiill. respectively. He, himself, collected but eighteen species^ 
of which seven were iindescrilied. 

In his analytical key to the species of Mucor, Lendner used the 
arrangement of Fischer for his three large groii|)s, viz* : (1) MonO'^ 
Mucor (comprising the imbranched forms), (2) Racemo-Mucor 
(branching in racemes or corymUs), (3) Cynto- Mucor (l)ranching in 
sympodial cymes). Under,' the first division he includes ten 
species, which are, arranged according to the morphological char- 
acteristics, such as ' height, ^ color, size ^of sporangia, sporangium 
wall, shape of columella, .spores, etc.' In the second group 'he has 
twenty species, arranged in. much the ■ same fashion as in 'the 
first section. The third group is the largest, having one 
species than the second. This, section,, for Ahe .most, part, is 
'divided in the same manner as the 'two previous ones, but' in 'two 
places the author makes "use ■ of., physiological characteristics as a 
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basis for separation of species. In the first ph'ice, f<ir c*x:anif)!e, lie 
separates M-ucor Jansseni from tlie rema.iiii!ii»' s|)C‘cii‘s l)y thv 
fact that it grows poorly on “wort gelatin” l)iU' well on bn.xicl; 
in the second place, he separates Mucor Roaxii from t:lie hist four 
species by the fact that on either bread or “wort gelatin” It: forms 
a short yellow down, while the remaining species form a turf 1-3 
cm. tall 

Sumstine (1910), in his thirty page publication on the Nortii 
American Miicorales, throws to the winds all the wairk of tire late 
contributors to the group (Fischer, Hagern, Leiidner, etc.). 
He separates from Mucor (Mich.) L., as ordinarily understood, the 
genera Ilydrophora Tode (which had long been discarded for the 
name Mucor) and Calyptromyces Karst, (a genus founded merely 
on the fact that the sporangiophores arc branched). In speaking 
of this last genus, Sumstine says: “This complex group contains 
some forty described species but the relationship of these sfiedes 
is not well known. There seem to be two modes of Irranching, 
monopodial and sympodial. This branching has been made the 
basis for the division into two groups, Racemo-M ucor and Cymo- 
Mucor. . . . This division, however, ivS uncertain and unsatis-* 
factory.” It is, in the writerhs opinion, as unreasonable to main- 
tain two genera, one for branching and the other for simple forms, 
as to separate vSpecies according to their mode of branching; 
for it has been found, during the course of this study, that the 
former distinction is practically as difficult as the one to which 
Sumstine objects. To give an idea of the confiivsion caused by 
the arrangement which this author proposes, let us consider a 
few cases. His Mucor Mucedo L. is the common Rhizopus nigr-h 
cans Ehrenb., Ilydrophora stercorea Tode ' is Mucor Muc&lo 
Fresen., Bydrogera aUiqm (Scop.) O. Kimtze is Pilobohis cryskiP 
linus (Web. & Wigg.) Tode, and Calyptromyces ramosus Karst, 
is Mucor racemosus Fresen. It is the writer's opinion tliat thx 
only new things in this paper are names for plants wliicli wc fail 
to recognize under their new guise. 
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iiT. tf:c,hniqite 

I. Collection of matjcrial 

Collecting was l)egiin in the autumn, of 1913, when various kinds 
of dung, including that of the horse, cow, sheep, dog, rabbit, mouse, 
and squirrel, were brought into the laboratory, placed in moist 
chambers and watched for the development of niucors. .Decaying 
plant material was also employed, and the following gave positive 
results: stems of decaying apple and grape {Pyms Mahis and 
Vitis sp.), mushrooms {Collybia dryophila, PsalUota campestris)^ 
wood and leaves {Pin us sylvestris and Phlox sp.), Sphagnum sp., 
tomato {Ly coper sicum- esculentum), carrot {Dauctis Carota), Brazil 
nuts {BerlhoUetia excelsa), puff ball {Calvatia sp.), and oak root 
with mycorhiza. In the case of the plant material used, the 
material to be tested was placed in a damp chamber until there 
was produced a growth of mold sufficient to insure a transfer to 
a poured plate. 

In the belief that the Mucor soil flora might prove interesting, 
the author undertook a series of isolations, which consivSted in 
‘- obtaining surface soil from a great variety of stations. These 
samples, except in the cases cited below, were all taken in the 
vicinity of Ann Arbor, Michigan. The following method was 
used : Petri dishes were wrapped in paper, sterilized, then taken 
to tlie field, where they were unwrapped and opened only long 
enough to fill them with soil. The cover was then replaced and 
sealed with a gummed label, upon which were written the collection 
data. At the laboratory the earth was saturated with sterile 
water, a drop or two of which was then transferred to a poured 
plate by means of a flamed platinum needle. From this culture 
a pure gross culture could usually be obtained, from which, in 
turn, a single spore culture was eventually made. 

All of the' forms isolated (see Table I), with the exception 
of 'Nos. 2, 4, 5, 6, 68, 69, 70, 71,' and 72, were collected 
in the vicinity of Ann Arbor. ' The first four of these nine collec- 
tions were obtained in Chippewa County, Michigan, during the 
summer of, 1914; the rest were collected in the Adirondack^ Moun- 
tains, Hamilton County, New York. ' ; ' 

For collecting in the field, it" has been found most 'cpnvf nient 
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to be provided with agar vskuits, and to make only rougli < ail lures. 
In the case of soil forms a few small idc^ocs ol soil wm) f ikiCiHl, by 
means of a llarncd platinum wire, in the I'uI'hu while in the «"ase 
of copropliiius fornivS a gross transit^r ot liyphae with syjores to the 
slant siifficed. These cultures were purified in lh.i‘: lalioralory. 
Table I will give the data in a clear anrl concise maimer. 


TAiuac I 


COLLKCTION DATA OF FORMS JSOLA1’KI> 


No. 

Date 

Sabsiratum 

I. 

IO/10/13* 

.Stem of tlocayod grape. 

2. 

7 / 9/14, 

3 ,)ecaying mushroom. 

3 - 

10/ v/ia. 

Horse (lung. 

4 . 

8/19/14. 

Porcupine dung. 

5 . 

8/15/14, 

Bc‘ar dung. 

6. 

7/13/14. 

Moldy bone in woods. 

7 . 

,10/12/13. 

Honse dung. 

8. 

10/12/13. 

Horse dung. 

9 - 

10/27/14, 

Sandy tilled soib surface. 

10. 

11/X8/13. 

Horse dung. 

II. 

10/X9/13. 

Sheep dung. 

12. 

ix/20/13. 

Squirrel (?) dung. 


Ill 5/14, 

Sandy wood soil, surface. 

14 , 

10/28/13. 

Dung. 

15. 

3/14/14* 

Rodent dung. 

16. 

10/23/13. 

Horse dung. 

17. 

2/14/14, 

Decaying wood. 

x8. 

10/31/13. 

Stem of decaying apple. 

19. 

Ilf 4/13. 

Decaying tomato. 

20. 

2/19/14, 

I 9 ecaying pine leaf. 

21. 

10/31/13. 

Stablebedding and manure. 

22. 

2/16/14. 

Horae dung. 

23, 

. 1/31/13, 

PsaUioia campestris* 

24. 

X1/22/X3. 

Dung. , 

25. 

11/ 8/13. 

Horse dung. 

26. 

11/20/13, 

Dung. 

27. 

11/18/13, 

Horse dung. 

28. 

ii/ao/x3. 

Dog dung. 

29. 

11/23/13, 

Decaying CalmUa sp. 

30. 

11/27/13, 

Old bones. 

31. 

n/22/13.' 

Rabbit dung. 

32. 

ix/22713. 

Dung. 

33. 

11/20/13, 

.Squirrel (?) dung. 

34. 

, 11/20/13. 

Dung. 

35 , 

10/23/14. 

Oak root with mycorluza. 

36. 

10/27/14* 

Surface soil, hardwoods. 

37. 

10/24/14. 

Soil below surface* hard- 
woods. 

38, 

10/27/14. 

Surface, tilled soil. 

39, 

10/27/14* 

Soil below surface in corn 
held. 

' 40'. 

Ilf 5/14* , 

Soil below surface in U. of 
M. Botanical Garden. , 


Spci:s«'*i 

Mucor ^riseo4ihwhuiii sj). iiov. 
Miicar Hantannianns Muoiler 
Mucot gFi:im4Uadutis sp. iioi% 
Mucor hknmlis Wehiner 
Mucor humutlix VVehtiiii' 

Mucor hkmaiis Wc^larior 
M'ticor aimndans sp. a(»v, 

PUoboitis Van 1‘i^‘KlL 

Mucor tibundum s|>, nov. 

Mucor salurmmis Ihifjnn 
Mucor grisiXhlilacJu us 8p. iiov. 
Mucor grlmhcyuum I-fiiigiau 
Mucor hicmaUs WehiTun" 

Mucor abundam s|>. nov. 

Mucor Mfmxhliiucinus wp. nov. 
Mucor grheodUacin'm sp. nov. 
Ahsidia ghmeu Hagvm 
Mucor iutrians ap. nov* 

Mucor abitmlans sp. nov. 

Mucor grkeodilacinus sp. nov, 
Mucor rntriuns sp. nov, 

Mucor abundam sp. nov. 

Mucor grUeo4il(ic{nus sp, nov.' 
Mucor uromuUms »p. nov. 

.Mmor (ibundans nov* 

Mucor griseosporiu' ap', nov. 
BeUwstyhim pkiforme Bairn 
Mucor abundam sp. nov, 

Mmor variam s}), nov. 

Mucor griseo-cyanm Ifiigtan 
Mucor (ihundam sp. inno 
Mucor ahundanc k|;), nov. 

Mucor (xlmndiinB sp. nov, am! 
Chaetocladium lirefddii Van 
Tiegh. 

Mucor proli/erus Sr’liostak. 

Afucor lam pros par us T.onUncr 
Mucor varians sp. nov. 

Mucor varians sr>. irov. 

Mucor circmelloides Van Hegle 
Mucor circindloides Van Tiegln 

Glomerula repms Bain, 
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Table I — Conlinned 


No. 

Dale 

.Suhstraium 

Sp<-cies 

41, 

11/ s/14. 

Sandy surface soil at edge 
of thicket. 

Zygorhynchus Vuillemini Namysl. 

42. 

:ti/ s/14- 

Soil in greenhouse. 

Mitcor ctrcinelloides Van Tiegh, 

43. 

11/ s/14. 

Soil from cold frame. 

Mticor circinelloidas Van Tiegh., 

44. 

11/ S/ 14 - 

Soil in greenhouse. 

Mucor spinescens Lendncr 

4 S* 

11/ 5/14. 

Soil in cold frame. 

Mucor circinelloidcs Van Tiegh. 

46. 

11/ 5/14. 

Surface soil in U, of M. 
Botanical Garden. 

Mucor varians sp. nov. 

47. 

10/17/14. 

Contamination in culture. 

Mucor plumbcus Bonorcl. 

48. 

10/17/14. 

Contamination in culture, 

Mucor christianiensis Hagem 

49. 

10/17/14. 

On decayed leaf. 

Mucor sphaerosporiis Hagem 

SO. 

11/ 2/14. 

Contamination in culture. 

Mucor sphaerosporiis Hagem 

SI. 

10/ 6/14. 

Decayed phlox leaf. 

Mucor plmnbeus Bonord. 

52 . 

10/ 7/13- 

Horse dung. 

Phy corny CCS nUens{hgdjdh) Kunze 

53. 

11/23/14. 

Contamination. 

Thamnidium ekgans Link 

54. 

1 1 /i 0/14. 

Soil in greenhouse. 

Mucor chrisHaniensis Hagem 

SS. 

11/ S/14- 

Soil below surface in U. of 
M. Botanical Garden. 

Ctmninghaniella elegans Lendner 

S6. 

11/ 5/14. 

Same data as No. 55, 

Mucor circinelloidcs Van Tiegh, 

57. 

10/27/14. 

Same data as No, 39. 

M ticor corticolus Hagem 

58. 

10/27/14. 

vSame data as No, 39- 

Mticor varians sp. nov. 

59 . 

11/ s/14. 

Soil in greenhouse. 

Mucor chrisHaniensis Hagem 

60. 

11/ S/i 4 - 

Same data as No. 46. 

Mucor abundans sp. nov* 

61, 

3 / 2 S/IS. 

S-phagnum with germinat- 
ing seeds. 

Mucor plmnbeus Bonord. 

62. 

4/ 7 /lS- 

Decayed carrot. 

Mucor Ramannianus Moeller 

63. 

3/25/15- 

Decaying bean testas. 

Glomerula repens Bain. 

64. 

6 / S/iS- 

Contamination. 

Rhizopns arr kirns Fisch. 

65 . : 

3/21/1S- 

Filter paper with date 
seeds in damp chamber. 

Syncephalis sp. 

66. ^ 

4/ 8/15. 

Pilobolus sp. 

Syncephalis cornu Van Tiegh. & 
Le Monn. 

67* 

4 / 8/iS. 

Horse dung. 

Mucor humalis Wehmer 

68. 

8/17/15. 

IJecaying CoUyhia dry-- 
ophila. 

Mucor salurninus Hagem 

69. 

8/31/15. 

Soil in mixed woods. 

Absidia caeruka Bain. 

70 . 

8/.31/1.5. 

Soil in mixed woods. 

Mucor corticolus Hagem 

71. 

8/31/1.5. 

vSoil in mixed woods. 

Absidia glaum Hagem 

72. 

8/31/tS- 

Boil in mixed woods. 

Mucor hkmalis Wehmer 

73. 

3/12/15. 

Rabbit dung. 

Mucor coprophilus sp. nov, 

74. 

3/12/1.5. 

Woodchuck (?) dung. 

Mucor humalis Wehmer 

75 . 

1/22/16. 

Decayed Bni'/Al nut. 

Mucor spinescens Lendner - 

76. 

1/16/15. 

Fruit of Kigelia pinnata 
(brought from Java, 7/1 4). 

Mucor corticolus Hagem 

77. 

1/22/16. 

Decayed Brazil nut. 

Mucor chrisHaniensis Hagem 

78. 

1/22/16. 

Decayed Brazil nut* 

M mor plumhms ' Bo nord . ^ 

79. 

1/22/16. 

Decayed Brazil nut. 

Rhizopus nigricans Ehrenb, 

80. 

1/22/16. 

Decayed Brazil nut. 

CifcineUa spinosa Van Tiegh. & 
Le Monn. 

81. 

10/19/13. 

‘Sheep dung* 

Pilobolus cryslatUnus (Wig*) Tode 

82. 

10/31/13. 

Stable bedding and dung. 

Pilobolus Oedipus Motii^gm 

83. 

3/26/14. 

Sphagnum witlx^ germinat- ■ 
ing castor beans. 

Mucor botry aides Lendner 

84. 

8/17/14. 

Decaying mushroom* 

Sporodinia grandis Tank 
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2. IsOLATlUX 

As a rule lit.tle cHifirully was exjHa’iiMiaal In eMaiiiiiiy a |Hirc 
gross cult lire j one or two transfers io poured f)lrrles iisiialK’ sufliring 
to eliminate obvioics con tanunat ions. !n a scT'ies i}\ c-iosely rebUa! 
fornivS, however, there is no <'erla,inty of a, pure callure, l!ie 

latter lias originatecl from a single spore, loir pi'actieallx’ aJI 
jiurposes a medium of the following comfiositiori [ku* liler was user! : 


A n i riio u i i u n n i t. ra U‘ o <j jt j 1 1 . 

Dihydrogc^n potaHsiimi phtjspliato e.5 ipu. 

Peptx)ne «x,S' PJn. 

ATaj.pu\si(nJi suliduiU' I'.in. 

Cane ipn. 

Agar agar ..... .1,00 giii. 


The advantage of this medium Is that all forms tried have 
been found to grow on it, and that cultures kc^i'>t on it. tlirongli 
the summer months (Junc-September) retain their vitality', at 
least when kept in a cool |,)lace. I'or stock cull unis the writer 
has lately used a formula given Iiim l>y Blakcslee, viz«: 


Agar agar 2.0% 

Peptone (Witte) . , o.i'% 

Dextrose , . 2 . 0 % 

Dry malt ext,ract (I^imer & Amend) 2,0% 


This agar gives a much more luxuriant growtli than the first- 
mentioned , medium, but its use for keeping cultures longer than 
six weeks has not been tried by the writer. 

Single spore cultures were made by^ a modified ' Kauffimirds 
(1908) method, which is' essentially an isolation of a single spore 
by spraying a spore dilution on a poured plate. Capillary pipettCvS 
were made, fitted with a tiny loose-fitting cotton iinmedia.t:ely 
below the nipple. These'were then sterilized in a device made as 
follows: two pieces of corrugated sheet asbestos, two dednicUi'rs 
square, were fastened together with wire in such a way that the 
ridges met so as to form a series of tubes l)etweeri the t.'wo |;)ic‘ct.‘s 
of asbestos. The pipettes, minus the rubber nipples, ware tlien 
inserted in these tubes and the apparatus was placed on a trip(,.)d 
over a burner and heated.’ Later, after the apparatus had cooled, 
the rubber nipples were replaced very carefully to avoid diB|)Iadng 
the sterile air in the pipettes. 
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Spore dilutions were made by transferring some spore material 
with a platiiiiiin wire to test tubes containing about twenty 
cubic centimeters of sterile water each. This dilution was then 
sprayed on poured plates, and if the pipettes were fine enough 
and the spores diluted sufficiently, it wais always possible to find a 
single spore isolated from the rest. After ten to sixteen hours, 
depending upon the temperature, the plates were examined to 
note whether germination had taken place. For this purpose 
the Petri dish was inverted on the stage of the microscope and 
examined with the low power. If a solitary germinated spore 
was found, the location was marked with a drop of India ink, 
and later the spore, together with a tiny block of agar, was cut 
out by a spear-pointed needle and transferred to a new poured 
plate. The writer has always made it a practice to watch these 
cultures carefully and as soon as possible to make a transfer from 
the edge of the growth, in order to avoid the possibility of con- 
tamination through a neighboring spore delayed in germination. 
This last transfer was usually made within twenty-four hours 
after the spore had been removed. It seems almost unnecessary 
to add that all the cultures used have originated from single spore 
cultures made in the above-described manner. 

3. Herbarium material 

III addition to depositing living cultures in the Cryptogamic 
Lalioratory of the University of Michigan, a series of herbarium 
specimens was also prepared. Inasmuch as the method employed 
may prove useful to others it seems desirable to include it here. 
For the cultures, tall lipless beakers (500 c.c. capacity) were used, 
with a depth of about 3 cm. of bread. If fresh bread was used, 
no water was added, but if dried bread was used, water was 
added until the medium had the humidity of. the former. , For 
cover half of a Petri dish was fitted with a, thin layer of cotton 
batting, and then the preparations were autoclaved for, three or 
four hours at fifteen pounds pressure. . 

Pure cultures were employed for' inoculation, and '.then the 
cultures were placed in the dark, in order to secure asymmetrical 
development. The cultures were allowed' to stand, not only until 
the maximum growth had taken place,, but untiFtlie 'cultures woi’e 
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tlioroiighiy dried out, in the counse of which process llie iiiediiiiii 
and fungus had contracted and vshrunk away from the glass. 
Thus it was a simple matter to remove them intact, hsicli vS|ieci« 
men was glued to the bottom of a cardboard 1)oa, ,nK;*a,siiriiig 
4i X 3-| X 1 J inches, the cover of which was litted witli a celluloid 
^'window’' 3| inches long* and 2 J inches wide. It is bclie\‘ed 
that with careful handling specimens prepared in this way will 
retain their characters for a long time. This opinion is not 
without evidence to support it, as the writer has examined some 
of his specimens which had been kept dry for one and ow.* half 
years and also Ellis & Everhart’s North American Fungi, Nos. 
2454 and 972. In all cases the material was in siicli condition 
that its identity could be determined with certainty. 

IV. EXPERIMENTAL 

The experimental work was undertaken in the hope that the 
results, supplemented by the morphological characters, iriiglit form 
a basis for the separation of species. It was desired to know^ 
whether forms morphologically similar would react similarly to 
the same cultural conditions, and whether forms whose morpliology 
might lead us to believe them distinct might exhibit, or manifest, 
their close affinity in their cultural characteristics under the same 
conditions. Such has been found true only to a certain degree, but 
the results of the experiments are believed to be of value in the 
taxonomic part of this study. Consequently, experimental data 
have been freely used in the commentary on the individual species. 

A uniform system of tabulation has tieen used throughout the 
series of experiments, in order to admit of easy coiiifiarison ."uid 
also to avoid unnecessary confusion. The numlxnrs given in the first 
column of Table I are used in all succeeding tables and tlirough- 
out the work in the same way. It will be noticed in Taulich If 
and III that for each Mucor number there are two coliinnis, itie 
first containing Arabic, and the second Roman luirnerals. 11 ic 
former gives the height (length of sporangiophores) in iriillinie ten's, 
the latter the growth '(judged by mass appearance), IV being 
excellent, III good, II fair, and I poor. It should be added, that 
the presentation of results has been condensed cm account of 
lack of space; hence, in ,the case of each medium, only the maxF' 
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mum growth is given irrespective of time. Furthermore, In any 
coiisiciciriilion of the iu.iml:)ers in the tables, it niiist be l)orne in 
niind that these numbers are liable to be mivsleading when inter- 
preted from a standpoint of medium exclusively, Ijecaiise they 
include the inherent tendency of the species. To be specific, 
Mucor griseosportis has been found by the writer to be more 
plastic than other species; for example, it varies from 8 mm. to 
20 rnni. in height according to the medium used, while Mucor 
spinescefis is always a low-growing form, heights varying only 
from 2 mm. to 8 mm. having been obtained. 


TABLE n 

Height and growth of Mucors with misckelaneous gelatin media 


Media 

Mucor 
No, 34 

Mucor 
No. 5 

Mucor 
No. 4 

Miu'or 
No. .T 

3 fucor 
No. 7 

J/uenr 
No. 40 

Mucttr 

No. 16 

iVuror 
Nik Hi 

Mucor 
No. OT 

.Mucor 

No. 


£ 

6 

£ 

6 

£ 

d 

£ 

6 

£ 

d 

u 

X 

6 

£ 

d 

£ 

d 

£ 

d 

J 

S 3 

d 

Levulose, , 

3 S 

IV 

■tS 

HI 

'IS 

in 

IS 

III 

IS 

m 

15 

HI 

IS 

in 

10 

n 

5 

11 

8 

H 

Dextrine. , 

3 S 

IV 

£S 

HI 

LS 

in 

IS 

III 

IS 

in 

1.5 

III 

IS 

ni 

8 

n 

5 

II 

8 

n 

Glucose (a) 

25 

IV 

17 

nr 

tO 

III 

IS 

HI 

14 

;ni 

15 

in 

12 

in 

10 

n 

9 

II 

3 

I 

Glucose, . . 

30 

IV 

12 

m 

II 

in 

10 

in 

13 

in 

12 

nr 

10 

in 

4 

II 

7 

n 

6 

I 

Dung ext. 

20 

I'V 

17 

in: 

20 

in 

X2 

HI 

ao 

in 

8 

n 

5 

n 

9 

11 

5 

n 

S 

I 

Raiiliii (a) 

30 

IV 

rr 

m 

II 

in 

.15 

III 

S 

n 

18 

III 

8 

n 

S 

11 

9 

in 

3 

I 

Maltose . . 

20 

IV 

12 

III 

II 

n 

9 

HI 

4 

HI 

IX 

in 

10 

in 

6 

n 

S 

H 

S 

I 

Lactose. . , 

20' 

IV 

10 

ir 

15 ^ 

in 

IS 

m 

8 

in 

S' 

n 

4 

II 

3 

n 

5 

n 

3 

X 

Beef broth 

36 

n| 

12 

- n 

14 

H 

II 

n 

9 

n 

7 

11 ' 

9 : 

I 

9 

n 

S 

I 

S 

I 

IniiHu . , . , 

10 

Hi! 

8 

II 

12 

n 

8 

n 

10 

n 

S 

n 

8 

11 

7 

n 

3 

n; 

3 

I 

Sucrose . . . 



— ^ 

— 

IX 

in 

5 

n 

10 

in 

9 

n 

5 

n 

S 

n 

S 

II 

2 

I 

I'norg.vsalts 

— 

1 

— ' 

— . 

9 

n 

S 

n 

8 

n 

5 

n 

4 

n 

3 

n 

4 

II 

2 

I 

C'heck .... 


— - 


— 

9 

IT 

S 

i;i 

7 

n 

5 

11 


— 

3 

n 

4 

rr 

S 

I 


In the ciarly experiments gelatin was used as the culture 
medium, l.)ut; later this was replace<i by agar, as the latter was 
found to 'Serve the purpose equally well and,' moreover, there is 
less possibility of its liquefaction. The following were the for- 
mulae used as given in abbreviated form in the first column of 
Table II: levulose, dextrin, glucose, maltose, lactose, inulin, and 
sucrose, in each case 2 per cent, of the carbohydrate with 12 per 
cfnt. gelatin; glucose (a ) , 5 per cent, glucose, gelatin 15 per cent, and 
'one drop of 10 per cent, lactic add; dung extract, 'fresh horse dung 
extracted with cold water and 15 per cent, gelatin; 'RauHii 
Lendner^'S ('1908) 'formula with substitution of, glucose for sucrose; 
'beef broth, 0.75 g'ln. 'Arraouris, beef 'extract,,' gb.gm* gelatin and 
500' cm.' water'; inorganic -salts, ,x.o gm. KNO«, 0*5 gm. KHaPOn 
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0.25 Rill. MrSO.i, 0-5 gnu .100 gnu '\va.tri\ /iiifl uuo gnu 

gelatin; dieck, 12 per ('cnti gelatin with distilled wafeu 

In this experiment the cultures wen^ made in test f, iihes and 
alxait 5 c.c.of the medium were msed. HunTiltiires \v<‘re Ia‘|il in 
the dark at room, temperature (i5' 22 dt^grrns (\). AH cailfiires 
were made in duplicate, and in many c'asi*s, wiiei'e tlunn was a 
doubt in the mind of the writer, tlie cx|xn*inu‘tit \va,s ii.^peated. 
The results arc best olitained by consulting Tabi.,u 11 . Inun wddeh 
we see that levulose is the best medium in this series, tollowed liy 
dextrin, glucose (acid), glucose, dung extra, ct, Ratilin’s (acid) in 
the order named. Sucrose i-s the poorest, [irobaidy bec'a.use man}.'" 
of the forms arc unable to invert it. 

TABLE HI 


Height and growth of Moco,rs with Miscict.LANKoes a<;,vr mi-.dia 


Media 

Mucor 
No. ad 

Jlfuivr 

34 

No. 5 I 

J/iiCttr i 
No. »4 1 

Mui'i'f i 
No. ifg j 

iMucor 

No. 51 


£ 

c w 

6 

X 

d 

£j 

0 

£1 

d 

£ 

d' i£ 

C’ 

Rolled oats 

70 

IV 168 

IV 

42 

IV 

3 a 

IV 

4 o| 

IV 

45 

IV 

.10 

IV 

Glucose-asparatjin agar 

«;<) 

IV 

2 7 

IV 

v> 

IV 

1 8 

IV 

3 '■! 

IV 

24 

I'V 

10 

IV 

Potato agar 

65 

in 

55 

IV 

37 

IV 

32 

IV 

21 

in 

22 

'in ' 

to 

n,t 

Coni meal 

65 

IV 

60 

in 

35 

in 

20 

in 

30 

in 

*25 

in 

5 

'III 

Bread 

40 

m 

60 

in 

10 

III 

25 

in 

3*5 

III 

[ t 5 

in !tn 

in 

Rice 

SD 

IV 

40 

in 

2S 

III 

ao 

nr 

ao 

in 

ao 

in 

8 

n 

Glucose-nitrate agar. 

40 

m 

8 

m 

27 

IV 

13 

III 

17 

in 

19 

in 

1:3 

TIT 

Mannit-avsparagin agar 

2S 

H 

9 

in 

22 

in 

15 

m 

IT 

HI 

6 

n 

10 

I'll 

Wheat-starch paste 

50 

lU 

25 

n 

3 S 

in 

20 

III 

20 

n 

2CJ 

in 

to 

n 

Grapefruit 

21 

n 

3 

n 

19' 

n 

IS 

n 

18 

n 

Id 

n 

'5 

n: 

Sucrose- aspar ag i u agar 

3 « 

11 

5 

I 

14 

n 

ao 

II 

7 

n 

5 

n 

0 

n 

Navy beau agar 

27 

II 

33 

n 

13 

IT 

20 

in 

9! 

1 

8 

n; 

5 

I 

Suorose-nit'rnff”; agar ’ 

no 

11 

A 

.1 

I K 

I 

1 1 

I 

e 

IT 

5 

i 


I 

Maunit-nitrate agar 

20 

I 

25 

1 

8 

1 

13 

11 

.1 

1 

'1 

0 

0 

6 

'I 

Apple agar 

40 

I 

10 

I 

5 

1 

II 

1 

5 

I 

10 

i 

5 

I 

Prunes 

I 

1 

t 

1 

10 

H 

t 

I 

1; 

I 


1 

1 

I 


In the next series of experiments various Jigar and coiiifilex 
media were' used. See Table IIL An explanation of ihii 
formulae of these media follows. Potato agar w'as made acc'ording 
to the method' given by Thom (1905), and apple agar 'wus j)rcv 
pared in the same way. For bean agar Tliom’s (191. o) 'formula 
was used. For glucose-, mannit-, and sucrose- asparaghi agar, and 
for glucose-, mannit-, and sucrose-nitrate agar, a combination of 
mineral salts (0.25 gnu MgS04, and 0.5 gm. KHaPC.)!) was 
used with 5.0 gm. of the carbohydrate, and i.o^ gnu of cither 
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ammonium nitrate or asparagin. Rolled oats and wheat starch 
were both used wdth water in the proportion of i : 2 parts water 
by weight; corn meal was used with equal parts of water* Bread, 
was used in the same manner as previously mentioned* Rice 
was used with three parts of water. Only the pulp and juice of 
the grapefruit were used. In the case of pruneSj about one fourth 
of a prune was moistened with 5 c.c. of water. The results are 
given in Table III. 

From this table we see that the best growth occurs on rolled 
oats, and that of the six best media, five are complex substances, 
while the sixth — glucose-asparagin agar— contains an available 
carbohydrate and an organic nitrogen compound. A comparison 
of the results obtained with glucose-asparagin agar and glucose- 
nitrate agar shows that the former is a more favorable medium. 
This is due to the form of the nitrogen offered the plant, and this 
nitrogen source is probably one of the Important reasons why 
complex media are more suitable for these forms. Mannit with 
asparagin is bettei* than sucrose with asparagin, but sucrose with 
nitrate is a better combination than mannit with nitrate. This 
is in accord with Jost’s (1907) statement that the quality of the 
nitrogenous material has an influence on the nutritive value of 
any particular carbon compound. The growth on grapefruit 
was fair, while that on prunes was poor. This last result was, in 
all probability, due to the fact that the medium contained too 
higli a percentage of vsugar. This hypothesis is borne out by 
the fact that in practically all cases in wliich grow'tli occurred, 
only a sterile mycelium, developed. It should be mentioned in 
connection with theaise'Of rice that, in order to determine whether 
there would be any difference in results with rice from different 
places, an experiment was set up with fifty-three numbers of 
mucors, using rice from diffei'ent sources, purchased in Detroit 
and in Ann Arbor. The results showed no appreciable difference* 

It seemed advisable, from the revsults obtained in the first 
two series of experiments, to select certain media and test' them 
with a larger number of forms. Consequently a series of cultures,' 
was made with rice, bread, and grapefruit, including' a large number 
of mucors. ' The height of the, cultures is given in;TABLE IV* 

' An interesting feature of the cultures oh rice was the frequent 
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occurrence, on the surface of the ntodiiun around (lie ei ig'(!S ot I he 
culture, of a bright-colored line; this is pinkish to light. (tiMUge 
yellow (Ridgway, 1912). Data on sixty-four namlKTs of Aiiinir 
show that thirty-four exhibited this color production, while: tu outy- 
eight numbers (Nos. 9, 10, 12, 24, 25, 26, 30, 34, 35, 38, 40, 41, 42, 
44,46, 48,49, 50, 51, 54, 58, 59. ^>1. 62, 63. 68, 73, and 2) fornied 
no color at the top of the substratiinn 


TABLE IV 

Height of Mucors on dread, rick, and GRAPitFRni; 


Species ii.sed 


Miicor No. I . . 
Mucor No. 2 . . 
Miicor No. 3 . . 
Mucor No. 4 . . 
Miccor No. 5 . . 
Mucor No. 6 . . 
Mucor No. 7 . . 
Mticor No. 9 . , 
Mucor No. 10 . . 
Mucor No. II . . 
Mucor No. 12 . . 
Mucor No. 13 . . 
Mticor No. 14 . . 
Mucor No. 15 . . 
Mucor No. 16 . . 
Mucor No. 18 . . 
Mticor No. 19 . • 
Mucor No, 20 . . 
Mucor No. 21 . . 
Mucor No. 22 . . 
Mucor No. 23 . . 
Mucor No. 24 . . 
Mucor No, 25 . . 
Phuor No. 26 . . 
Mucor N«), 28 , . 
Mucor No. 29 . . 
Plucor No. 30 . . 
Mucor No. 31 . . 
Mucor No. 32 . . 
Mucor No. 33 . . 
Mucor No. 34 . . 
Mucor No. 35 . . 


Rice 

Bread 

(.Irape- 

fruit 

15 

i 1.5 

12 

2 

2 

o.s 

20 

8 

II 

20 

30 

17 

25 

IS 

19 

20 

15 

10 

30 

20 

12 

35 

: 8 

13 

10 

: 25 

14 

X 3 

1 10 

13 

20 

6 

10 

10 

— 

10 

30 

20 

13 

IS 

7 

8 

X5 

10 

IS 

30 

12 

15 

35 

10 

10 

20 

8 

12 

30 ; 

35 

II 

35 i 

xo 

13 

10 

, — , 

9 

30 

25 

15 

25 

10 

7 

50 

40 

21 

25 

25 

XS 

30 

22 

12 

IS 

9 

12 

20 

20 

13 

25 

II 

IS 

25 

IS 

15 

40 

60 

3 

25 ' 

12 

17 


Species us»«nl 


Mucor No. 36 . 
Mucor No. 37 . 
Mucor No. 38 , 
MtiCor No. 39 • 
Phtcor No. 40 . 
Plticor No. 41 . 
Plucor No. 42 . 
Mucor No. 43 . 
Mucor No. 44 . 
Mucor No. 45 . 
Phi cor No. 46 . 
Mwcor No. 47 . 
Mticor No. 48 , 
Phicor No. 49 . 
Mucor No, 50 . 
Mucor No. 51 . 
Phicor No. 54 . 
Mucor No, 56 . 
Phicor No, 57 . 
Plucor No, 58 . 
Mucor No, 59 . 
Mucor No. 60'. 
Mucor No, 61 . 
Mucor No. 62 . 
Mucor No. 63 . 
Mucor No, 67 . 
Mucor No, 68 , 
Piucor No. 70 , 
Mucor No, 72 , 
Mucor No, 73 . 
Mucor No. 74 • 
Mucor No. 76 . 







30 

1 0 


.30 

20 

H 

20 

1 0 

r/ 

30 

J5 ' 

15 

20 

40 

j i 

20 

S 

4 

IS 

4 

2 

35 

12 

!l, 

3 

4 

3 

30 

13 

12 

25 

12 

I £ 


s 

4 

— 

4 

3 

10 


8 

20 

17 

7 

8 

10 

5 

5 

3 ' 

10 

30 

6 

la 

20 

la 

11 

»S 

IS 

13 

10 

8 

4 

35 

13 

15 

7 

3 

S 

3 

2 


20 

IS 

10 

IS 

— 

lit 

20 

30 

30 


10 

13 

1,0 

10 

10 

30' 


25 

15 

3 

i,ri 

2S 


r; 


From the preceding experiments it has been shown that com- 
plex media are, on the whole, better for these plants than simple 
media, and as bread is a universally staple article easily obtained, 
as well as easy to work with, it has been used as a standard 
medium to grow these forms for taxonomic study. 
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A vscries of sixty-five nimibers of Mucor (including all the 
species of Mucor collected with the exception of Mucor hotryokles) 
was tested for tlicir ability to ferment a dextrose, peptone solution 
(dextrose lo per cent,, peptone o,i percent,) with positive results^ 
except in the case of Mucor Ramannianns, 

Because certain organisms have the ability to change tyrosiii, 
by the production of an enzyme, into a dark-colored compound, 
often accompanied by the production of a brownish black precipi- 
tate, it was decided to use this organic compound with a series 
of mucors. For this experiment a solution of the following com- 
position was employed: maltose 2 percent., peptone 0,1 per cent., 
tyrosin 0.015 per cent, (i gm. tyrosin to 6,400 c.c. of solution). 
The same mucors which were used in the preceding experiment 
were also employed for this series. The results may be 
given in the following brief manner. Four (Nos. 22, 36, 57, 
and 67) were discarded on account of bacterial contamination. 
In Nos. 4, 5, 6, and 72 there developed an apricot yellow 
(Ridgway) submerged mycelium, the color being due to yellow 
globules in the hypliae. The following vshowed a slight pro- 
duction yellow color in the submerged hyphae: Nos. i, 
3, 7, 9, II, 12, 13, 14, 15, 16, 18, 19, 20, 21, 25, 28, 29, 
31 r 32, 33, 37, 33, 39, 42, 43, 56, 58, 60, 74, and 76. No 
color formation was found in Nos. 2, 10, 23, 24, 30, 34, 41, 44, 
45, 46, 47, 48, 49, 50, 51, 54, 59, 61, 68, and 70. There was a 
marked coloration of the solution, with the formation of a dark 
brown precipitate, in Nos. 26 (Mucor griseosporus) and 73 {Mucor 
copraphilusjf the color of the solution in eacli case being ' dark 
reddish brown. In Nos. 34, 44, 'S'l, and 61, the solution was 
colored pale brown, and a dark brownish l:)kick precipitate was 
Tormed. In Nos. 40 and 63 (both Glomerula repens) there was a 
brownish tinge to the solution, and the aerial growth was distinc- 
^ tive in that it was pinkish buff (Ridgway), 

[7> be concluded] 
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(with four diagrams) 

I. Introduction 

The ascent of sap in trees presents a problem of such com- 
plexity that no one kind of observation is sufficient for its solution* 
Final conciusions must be based upon the comparison and correla- 
tion of careful measurements of all possible variables. 

The r&le to be attributed to the osmotic concentration of the 
fluids of the leaf cells, like other possible factors in the rise of 
the transpiration stream, is still suliject to marked differences 
of opinion. 

One of the simplest and most direct methods of approaching 
the ['iroblem of the relationship between the concentration of the 
leaf sap and the movement of the transpiration stream is to deter- 
mine whether leaves , originating at a greater distance from the 
source of water absorption exhibit a higher osmotic concentration 
than those inserted nearer d'he source of intake. The imptirtance 
of such determinations has l)een recogni^sed hy Ewart, Dixon and 
Atkins, H'annig and othens. 

Ewart was one of the first, if not the first, to attempt the deter- 
mination of the osmotic concentration of the leaf sap at different 
levels. In 1905 he* thought he had demonstrated by .plasmolytic 
methods that the , concentration of the leaf sap increases from 

[The Bulletin for May (44: 229-266. pi was issued May 22, X917.I ■ 
Ewart. A'. J. The ascent of water in trees. Phil, Trans. Roy. Soc. Loud. B. 
198: 1905. ■ ■■' " ' ' ' L ' 

267 " 
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lower to higher levels. Later"^' he returned to the same proi)le!Ti, 
onl}^ to conclude that the sources of error In the use ol the plas- 
molytic method are so great that it was idle to go farther wiiii the 
st'ud3^ on the basis of the technique tlien avmilahle. After irieii- 
tioiiiiig certain of the difficulties he says: 

'‘It is more correct therefore to use the term ‘ plasinalyzing concentration’ ior 
results ol^tained in this manner, and a series of observations for leaf cells of species 
of Acacia, Eucalyptus, and Orevillca taken from 1-12 metervS high show that tlie 
concentration may vary from 2-6 per cent. KNOa in one and the same plant, and tliat 
the variation between leaves at the same level is at first as great as between Itiaves 
at different levels, and that the size of the cell and the age of the leaf appear to 
influence the plasmolytic concentration more than any other factors apart from food 
storage and assimilation. Hence this promising line of investigation into the 
problem of the ascent of sap must be abandoned as inaccurate and misleading.” 

The only exact published data of which we are aware are those 
furnished by Dixon and Atkins. f 

Dixon in his volume on the Ascent of SapJ republishes these 
data with the same interpretation. Working with untreated 
leaves! Magnolia acuminata, Fraximis excelsior and Vitis VeitchU 
they secured seven pairs of determinations, from which they 
conclude : 

“It here appears that, on the whole, taking the experiments in pairs, the leaves 
at the lower level contained sap with a lower (sometimes considerably lower) osmotic 
pressure than that of higher leaves. But the experiments are far from satisfactorily 
bearing out this view; for it will be noted that the osmotic pressure of the sap from 
leaves at the same level, but at different times and under different conditions, by no 
means corresponds in each case, although it is often higher than that of leaves at u 
lower level. The rcvei'se, however, is sometimes found, avS in expt. 6 and 7 where 
the pressure in the lower is much gx'eater than in the higher leaves.” 

Dixon and Atkims recognized the fact that a relationship 
between the concentration of the sap of leaves inserted <'it differeiit' 
distances from the root system might l)e due to an adjustment to 
resistance in the conducting syvStcm as well as to the hydrostatic 

^ Ewart, A. J. The ascent of water in trees, 11 . Phil. Trans. Roy. Soc. Lond. B. 
199: 34V™395. 1906. 

t Dixon, H. H-, & Atkins, W. R. G. On osmotic pressures in plants; and on a 
thermo-electric method of determining freezing points. Sci. Proc. Roy. Dublin 
Soc. N, S. 32: 275-311. 19x0. Also in Notes, Bot. Sch. Trin. Coll. Dublin 2, .1:910. 

t Dixon, H. H. Transpiration and the ascent of sap in plants. London, 1:914. 

§ This work was carried out before the necessity for the preliminary freezing 
of tissues was discovered' by Dixon and Atkins. Possibly some of the inconsistencies 
in their results are due to this fact. 
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head. They found a slightly greater depression of the freezing 
point for sap from the more distantly placed leaves. From deter- 
minations on Ulmus campestris they conclude, however, that the 
resistance of the water tracts is not the controlling factor but that 
variation in osmotic concentration is to be attributed principally 
to the fluctuations in the sugar content due to differences in 
ill'll niination. 

As a final conclusion they state: 

“ \a^riation in pressure is not defined by the height of the leaves above the ground, 
nor by the resistance of the conducting tracts supplying the leaves. In each case 
the osmotic pi'essure was much greater than the tension of the water-supply could 
have l:)cen.” 

Thus the studies of Ewart leave the fundamental question of 
the existence of a differentiation in osmotic concentration asso- 
ciated with height quite unanswered, and the careful measurements 
by Dixon and Atkins are not adequately numerous for a final 
answer. 

Conclusions have been drawn quite contrary to those resulting 
from the mavSvSes of data to be presented below. Thus Hannig* 
in the introduction to his study of osmotic concentration in root 
and leaf concludes that the work of Ewart and of Dixon and Atkins 
shows that ‘‘die Differeozen in der osmotischen Werten der 
Blattzellen eiiier Baiimes von der Hohe des Blattansatzes unab- 
hiingig sind.’' 

A proposal to investigate the concentration of the sap of 
leaves inserted at different levels is frequently met by the objec- 
tion that the leaves at various heights are really subject to distinct 
environmental conditions (insolation and air movements) and 
that these external factons will either obscure any relationship, 
or, on the other hand, if a relationship between height and con- 
centration be actually found, serve to fully explain it. 

To, us it has seemed that the primary task, the execution of 
which should precede all others, is to^ determine whether as a 
matter of fact there is a relationship between the level of origin 
of leaves and the properties of their sap. If there is no such 

'E. Untersuchungen fiber die Verteilung de.s osmotischen Drfickes 
in der Pflarwe in Hinsichtauf die Wasseileitung. Her. Deutsch. Bot. Ges. 30: 1P4- 
204. 1912. 
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interdependence, it is idle to aclvance theories in explaiia.! ion of 
it, as some l,)otaiiists seem inclined to do. 11, !io\vt‘\i‘r, 
sets of determinations show that a consistent relalionshij) hi'iwtxm 
height at origin and the osmotic concentration oi the leal sap doi^s 
obtain, then, and only then, will it be worth Avhile to iriciiiin* 
whether this relationship is of the magnitude necessary to ()\"cr« 
come the weight due to the hydrostatic head and the resistance* 
due to the conducting tracts, to measure the various eiuaron- 
mental factors with a view to (correcting lor their influence upon 
sap properties, and to consider what is the most suitable I n'ologitail 
interpretation of the observed relationship. 

11. Materials and methods 

We took our samples* from trees growing both in the open and 
in the woods. In collecting the samples we tried to secure diem 
from branches exposed, as nearly as possible, to comparable 
atmospheric conditions. Such trees are not easy to find, however, 
and until actual instrumentation for light intensity and for the 
evaporating power of the air is carried out we shall make no claims 
whatever for freedom from such influences. In a few cases, 
indeed, we included trees which for some reasons were desirable, 
but suffered from lack of uniformity of exposure to light and air. 
Thus the tree of Quercus Frinus was higher than the surrounding 
vegetation, and the lower branches were somewhat more shaded 
than the upper ones. The leaves of BetuUi luka collected July 23 
from branches 66 feet above the ground were cert'ainly nior*e 
intensely illuminated than thexse at 52, 39, 25 or 1 1 feet. 

In collecting samples of leaves, branches were lo[)[)ed off at 
the respective heights and samples of the leaves were flicked off 
as quickly as possible and enclosed in large test tulies whicli were 

* In undertaking these studies, we were concerned primarily with securing 
samples of leaves originating at different levels above thtJ ground. We neglectecb 
therefore, any measurement of the length of branch through which the sap 
have to pass after leaving the trunk of the tree. Thus it is not possilile to discuss 
in any exact way the possible influence of the resistance of conducting tracts on the 
magnitude of the concentration of the sap. Any errors due to this source may 
probably be disregarded in a preliminary study like the present. In a few cases 
we secured determinations from leaves originating on horizontal ?)ranches at dif- 
ferent distances from the main trunk, but almost without exception these materials 
are open to some abjection, and we have excluded them. 
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taken to the laboratory for preliminary freeziiig'* * * § ' in order to 
facilitate the extraction of samples of sap realh/’ representative of 
the whole mass of tissue, as demonstrated by Dixon and Atkinsf 
and confirmed by experiments made subscciuently by oursel\L^s4 
The freezing-point lowering of the expressed sap, cleared by 
centrifuging at high speed, § was determined by the use of a 
mercury thermometer graduated in hundredths of degrees in 
divisions sufficiently large to permit of estimation to thousandths 
of degrees. The freezing of the sap sample was effected by 
bubbling a dried air current through carbon bisulphide or ether 
in a Dewar bulb. 

The table of constants contains the depression of the freezing 
point in degrees centigrade, A, corrected for the influence of under- 
cooling, and the corresponding values of the osmotic pressure, P, 
from a published table. || 

Specific conductivity at 30° C., k, was determined in a Freas 
conductivity cell by means of the ordinary Wheatstone bridge 
of the physiological laboratory. The cell was standardized with 
N/io KCl, considercKl as having a specific conductivity of 0.01412 
at 30*^. 

Freezing point lowering, A, and specific conductivity, /c, are 
the two directly determined constants. Osmotic concentration 
or osmotic pressure, P, has been determined from A, and included 
in the table, partly because it is easier for some botanists to think 
in terms of atmospheres than in those of freezing point lowering, 
and partly liecause this is necessary for the purpose of ascertaining 
whether the increase of osmotic concentration with increase of 
height of insertion is at the rate which would be expected if this 

* Oortner, R. A„ & TIarriH, J. Arthur. Notes on the tedmique of the deter- 
mination of the depression of the frccicing point. Plant World 17: 49”-53* 1914* 

t Dixon, H. H., & Atkins, W. R. G. Osmotic pressures in plants. I. Methods 

of extracting sap from plant organs. Sci. Proc, Roy. Dublin Soc. N. vS. 13: 422 433, 

1913. Also in Notes, Hot. Sch, Trin. Colh Dublin 2; 154-163. 19x3, 

% Gortner, R. A., Lawrence, J. V., & Harris, J. Arthur. The extraction of sap 
from plant tissue by pressure. Biochem. Bull. 5: 139-142. , 1916. 

§ vSoine of the vsaps cannot be perfectly cleared by centrifuging. 

II Harris, J. Arthur, & Gortner, R. A. Note on the calculation of the osmotic 
pressure of expressed vegetable saps from the depression of the freezing point, with 
a table for the values of P for A * 0.001° — 2.999°, Anrer. Jour. Bot. i; 
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increase were an adjustment on the part ol the cells lo hydroslafic 
head and to increased resistance of condiu'tiuR ti'a,cls. 

Freezing point lowering furnishes a measur(‘ of l!u‘ c'oiirei it ra- 
tion ill moles and ions of all the solutes, non-t‘letdn)!>ies and iioii- 
dissociated and dissociated electrolytes. Sfiecific electrical c'oii- 
ductivity furnishes a measure of the concentration ol dissociat'ccl 
electrolytes only. 

It would be highly important to differentiate the ek^ctrolytic' 
and the iion-electrolytic elements in the solutes to whicli the \\ IioU‘ 
of the concentration in moles and ions is due. Such dillerentiatioii 
presents, however, in the case of a mixed vsolution of non -ekn:! ro- 
ly tes and of electrolytes composed of inorganic salts and of weakly 
dissociable organic salts and acids, a problem of great difficulty. 
We have therefore contented ourselves with the calculation of tlie 
ratio ;{/A, which is useful although obviously only a sul)stitiite 
for more refined analysis. 

Before proceeding to the analysis of the results, a word sliould 
be said concerning the trustworthiness of the constants. 

There are two sources of error: the probal^le errors of random 
sampling in the collection of the leaves and the technical errors 
in the extraction of sap and in the determination of the constants. 
The determination of the actual magnitude of these errors presents 
a problem of considerable difficulty, and we are not in ii position 
to say exactly how large they may be. It i.s ciuite clear from t'he 
consistency of our results that they arc not so grea.t as to olisi'aire 
the general law, the existence or the iion-exisleiice of whit^li wi^ 
have been seeking to demonstrate. 

We do not, however, lay emphasis upon ajiy s!ngk‘ coustaiil 
or difference, and w’e do not attempt to explain individual incoii* 
sistencies. In the rather onerous task of collecting inatcnia! for 
and carrying out the determination of 72 freezing points am, I 66 
conductivities, it is highly improl.)al')le thcat we should have f'leeri 
able to avoid entirely probable errors of random sami')liiig in the 
collection of the tissues and errors of laboratory teclmic|ue at least 
as great and sometimes greater than the actual differences of the 
kind which we have been seeking to demonstrate, if existent. 

Thus, even if osmotic concentration increases with height of 
insertion, one should expect to find a negative relationship' indi- 
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catcd l')y actual measurements occasionally, just as in other 
instances the increase indicated by the constants would be higher 
than the true value. 


III. Presentation and analysis of data 

Altogether 26 sets of determinations were made, covering 12 
species of trees. All collectioils were made in the immediate 
neighborhood of the Station for Experimental Evolution. The 
results are given in the accompanying tabular statement. 

Here are given the approximate actual heights above the 
ground of the samples of leaves taken, designated by letters d, B, 
C, ■ • • from the highest to the lowest, the depression of the freezing 
point, A, and the osmotic concentration or pressure in atmos- 
pheres, P, specific electrical conductivities, k, multiplied by lO^ 
and k/A X 10® of the expressed leaf sap. 

These results in terms of osmotic concentration, P, are repre- 
sented in Diagrams i and 2, which are self-explanatory. 

A cursory examination of the protocol or a glance at the 
diagrams shows that almost without exception the osmotic con- 
centration is higher in samples taken at the higher levels. 

As a means of more exact comparison we have determined the 
difference in these valcies for every pOwSsible pair of levels, i. e., 
il 2 n(n — i) sets of differences for each tree, where nis the number 
of levels from which samples were taken. These differences are 
taken (constant for higher level) less (constant for lower level). 


* A part icultir case in point is that of two cletenninatioiivS based on a tree of 
Pitptdus balsamifera, A first pair of cfillections made ou August 25, indicated that 
the leaves takiui from the 6 -foot level contained sap which Iroze at 0,042® lower than 
tliat of leaves from the 2S-f()ot level. A repetition of the collections on August 28 
indicated that the sap of the leaves from the 22-fftot level froze 0.105° higher — i. e., 
had 1.26 atrnoaiiheres higlicr osmotic pressure — than those at the 6-foot level. 

Note tliat if these two determinations be averaged, they indicate a higher osmotic 
concentration for the samples taken at the higher level. Since, however, the two 
are not consistent we have omitted both.' Possibly this tree should not have been 
used at all since the collections from the lower branches were made from the ends of 
long branches at a considerable distance from the main trunk. Thus if the resistance 
of the conducting tracts be a factor of importance it would tend to minimize the 
difference between the two determinations. 

t In two of the determinations based on Juglans and in two or more of those 
based on RoMnia, collections were made from the same trees in 1914 and 1915. 
Otlierwfwse all are based on different individuals. ■ ’ 
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Sample j Height j A j j '■'''' ^"'’ 

A c<T ruhriim L. J ( fN k hj, i u i 5 
A 47 . JA «5 

ii . . . 27 1-359 H '“>-35 911: 

C 12 1.334 1O.05 <h >'5 


A cey rn hrn m 1 Aik ; t ' st 2 5 , 1 9 1 3 


50 1.2 10 14.59 I 5()6 

38 1.T31 13.01 I 93H 

1:0 1.084 13.04 I 831 


AaT ruhruni L. Ait<;ost 25, 1915 


43 

1.046 

13.59 

j 

Sf5 

13 

•992 

11.94 

91.5 1 

93 2 


Be tula Icnta I>. Aik just t, kjis 

29 1.518 I 18.25 14'>56 096 

12 1.411 I 1,0.97 r,i:6o S2.1 


Betiila lenla L. Au(;ust 23, 1915 


40 

1.046 

12.59 

17 

:933 

11.23 


Bet Ilia lenla h . Aucjust 23, 191,5 


46 

1.182 

14.22 1 

1 

y 

1 r ,090 

13.12 ’ I 

— 1 


Betiila liilca Alichx. JuLV 23, 1914 


66 

1.293 

15.55 

14160 

52 

1.331 

16.01, 

1,027 

39 

j 1.257 

1:5.13 

1,11 f> 

25 

1 1.173 

;r4.it 1 

1-083 

r ,t 

1.050 

12.63 ] 

99 <.i 


Fagiis grandifolla Ehrh. Atkujst 20, 1915 


64 

,1.824 

2,1.93 " 1 

19 : 

1.441 

17.33, * 1 


Fagus grandifolia Elirh. Ahcjust 25, 1915 


43 

1.493 , 

17.95 

1,27s j 

856 

15 

X.402 

16.86 

1,252 1 

893 


Juglans cinerea L, June 18, 1914 

52 1-522 18.31 1,046 0«7 

44 1.525 18.33 ’Dti 4 731 

38 1.429 17.1B 1, 2.18 852 

33 1.513 18,19 T»i 74 777 

2X 1.484 17.85 ' xa :97 «o 7 

8 I. 398 __^ ^»332 954 
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Sample 

Height 

T i 


K X I'A 

k/A X lO'"' 

Juglans cinereal^. June 4 , 1915 

A ........ . 

41 

1.209 

14.54 

T, 20 S 

999 

B. 

j 30 

1. 137 

13.68 

, 1^232 

1,084 

C . . 

1 17 

1. 131 

1 13.61 

1 1,213 

1,072 


, Juglans cincrea L. June S, 1915 


vl ... 

45 

1.049 

12.62 

L43S 

1,368 

B 

24 

1.015 

12.21 

1,252 

1,234 


Gleditschia iriacanLhos L. August 25 , 1915 


A 

46 

1.419 

17.07 

927 

653 

B 

1 15 

1.285 

15.46 

1 938 

730 


Platanus orienlalis L, August 28, 1915 


A ' 

66 

1. 353 

16.27 

1.458 

1,078 

B 

45 

1.267 

15*24 

1,627 

1,284 

C 

21 

1. 127 

13.56 

1,588 

1,409 


Quercus coccinea Wang. June 30, 1914 


A 

56 

1.592 

19.14 

q 8 i 

617 

B i 

33 

1.383 

16.63 

848 I 

613 


Querms paUistris h. June 16, 1914 


/I 

33 

1.932 

23.22 

903 

467 

B 

23 

1.728 

20.77 

1 1,002 

S80 

C 

9 

1. 68 1 

20.21 ! 

1 L 0 S 7 

629 


Quercus Frinus L. June 16, 1914 


A 

B . 

C 

/) 

47 

36 

30 

19 

1.683 

1.670 

1 .640 
1.628 

20.23 

20.08 

19,72 

19.57 

1,123 ^ 

1,283 
1,314 
1,288 

667 

768 

801 

79 X 


Robinia Pscudacacia L. 

June 9, 

1914 


A 

45 

1.050 


i2.6>3 

1,536 

1,463 

B 

12 

.902 


10.86 

J _,458 

i,6i6 


Robinia Pscudacacia L 

June 9, 

19x4 


A 

45 

.969 


11.66 

1,232 

1,272 

B , , 

36 

•932 


11.22 

1,267 

1,360 

C , . 

24 

.91S 


ir.or. 

i.362_ 

1,488 


Robinia Pscudacacia L. 

June 12 

1, 19x4 


A . 

51 

1.034 


12.44 

1,277 

1,236 

B . . 

39 

.920 


11.07 

i,i8x 

1,285 

C.'. 

29 

.903 


10.87 

1,217 

1,348 

n . 

9 

.887 


10.68 

1,340 

1,511 


* In tl'ie cases of Quercus coccinea of June 30, samples taken at 61 and at 50 feet 
|)roved iiiHufficient for a determination of frecssing point lowering and have been 
ccmibiued to form a single sample arbitrarily placed at $6 feet. ' 
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Sample j 

HeiMhl 

A j 

1 

/’ ! 

1 K X 



Robinia Fseudacacia L. June iS, toi4 


A 

I 4 ^ 


r 3.93 

j 1,5*2 

I 1,300 

B. , 

18 

1.045 

' T 2.57 

1 1,589 

_ 1.521 


Robifi ta Pseudacaci a L. J UNE 14, 1915 


A 1 

40 

1.189 

14.30 

1,379 

1,159 

B. 1 

28 

1.126 

I 3 . 5.=5 

1,407 

1,249 

C . 

14 : 

1. 017 

12.24 

t,2T3 



Rohinia Pseudacacia L. J une 8 

, 1915 


.4 

j 30 

.876 

10.54 

I i,()6r 

1.212 

B 

1 13 

.817 

9.84 

1 1,390 

1 ,701 


Robinia Pseudacacia h, Jin.Y 30, 1915 


A 

37 

1.009 

12.1,4 

1.300 

1,377 

B 

25 

,960 

r ^.55 

1,424 

r. 4«3 

C 

8 

.998 

12. or 1 

‘1,298 

1,30,1 



Salix sp. June 8, 1915 



A ! 

25 

1.029 

j 12.38 

1,605 

1,569 

B 

10 

1 . 1.024 

1 12.32 

1,599 

1,562 



Salix sp. June 8, 1915 



A 

33 

1.180 

14.20 j 

1,567 

1,328 

B 1 

12 

1.171 

14.09 1 

1,574 

1.344 


Thus the signs are positive when osmotic concentration increases 
with height of insertion. 

For example, in the case of Acer nthrum of June U) the difica*- 
ences are: 


Hcig-ht.'j 


A i 

P 

M X 10 *’ 

A -B..,.. 

20 

O.Q26 

0.31, ^ 

.^48 

A - C 

35 

0.051 

0.61 

75 

B - C 

; IS 1 

0,025 

0.30 1 

- 27 


It is quite unnecessary to burden these pages with the actual 
differences, which have been represented graphically in the dia- 
grams. Summarizing the results we note first of all that in 73 of 
the 78 comparisons which may be made, the sample of tivssiie 
collected' at the higher level shows a greater concentration than, 
does the one taken at the lower level' More satisfactory evidence 
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of an increase in the concentration of the leaf sap with increase 
in height of insertion could hardly be desired! 

On the assumption of the adjustment of the leaf cells to an 
increased load— an assumption which we are not at this moment 
either urging or combating* — the increase in osmotic concentra- 
tion of the sap of the tissues collected at a higher level, i, over 
that of tissues collected at a lower level, Lo, should be proportional 
to the combined weight of two factors: (a) the hydrostatic head, 




2 iS Hakris. Gortnkr, and Lawrencii:: 

and (h) the resistance due to the passage of the column f)f waller 
of length L — Lii through the conducting tracts. 

Since L ~~ Lq is measured in feet, lx)th of thcvse vaiiies should 
be expressed in heights of water column in the same units* 'fhas 
the increase in atmospheres pressure due to hydrostatic head, ll\ 
should be given by 


//sUM i/r Feet 


Diaokam 
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wliere 

JJ == (L - Lo)/34, ‘ . 

w'hert' (.\\(‘e|)t for cliiTercncCvS due to the elet^ation above sea level 
at which collections tire made, II is invariable. 

The resistance oi the conducting tracts may l)e most conveni- 
ently expressed in terms of the ratio between (i) height of a 
column oi w^ter, R\ which is required to force water through a 
liorizontal vStem of length L — Zo at the rate of the transpiration 
stream, and ( 2 ) the height of a column of water which is the 
eciuivalent of one atmosphere pressure, i. e., R = jK734* 

i\>ssil)ly .R, the constant for the resistance of the conducting 
tracts, may dilTer from species to species. However this may be, 
workers who have attempted to determine the value of this 
constant have come to widely divergent conclusions. 

IJixon devotes Chapter VI of his book on Transpiration and 
the Ascent of Sap to the criticism of the experimental data on the 
resistance offered by the wood to the movement of the transpira- 
tion stream. He concludes: 

“It appears that water may be moved through a stem in a horiixontal position 
with the velocity of the transpiration current if urged by a head equal to the length 
of the sttmo To raise water in a vertical stem at the same velocity, evidently twice 
the iicad will ])e required. Consequently when the force i.s applied as tension at the 
iipljer end, the greatest stress the water need be subjected to is double the height 
of the mo\'ing column.” 

N(w while we may assume that 

F - Po = II + Ji 

rei)resents ai>proxiniately the two most important factors deter- 
mining any adjustment (if such adjustment really exists) of the 
cells to increased load, it is quite clear that the equation may 
not be so simple. Other factors are probably also involved. 
For example capillarity may diminish the downward pull due to 
gravity. Possibly the power of imbibition of the leaf colloids may 
also play a r 61 e similar to that of the osmotic concentration of 
the solutes which contribute to the freezing-point lowering. 

It is clear that the testing of the experimental results secured 
in our height studies against this formula is rendered highly 
<|uestionable by reason of the fact that nothing is definitely known 
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concerning the value of R in the species of trees with wl'iicii we 
have WA)rked. 

The average ratio of the differences in height of all the possible 
pairs of samples from the same individual tree to the water- 
column equivalent of one atmosphere have lieen cc)m[)iited and 
found to be 

H = {L - io)/34 = 0.646. 

Thus if differences in hydrostatic head stood in a causal relation 
to differences in the osmotic concentration of the leaf sap, and 
vrere the only factor of significance, one would expect an average 
difference of 0.646 atmospheres in the series of differenc'es deter- 
mined from our observations. 

Naturally the resistance of the conducting tracts cannot be 
neglected. Dixon estimates that at most this is not greater than 
the hydrostatic head. If twice this value be taken for the sake of 
obtaining concrete figures the theoretical mean value of the 
difference in osmotic concentration at two levels would !)c 1.291. 

The observed mean difference in osmotic concentration, P, 
is almost exactly midway between the two values 0.646 and 
2 X 0.646, i. e., 0.978 as compared with the mid value 0,968, 

The closeness of agreement to be expected l:)etween oliserva- 
tion and theory must depend entirely upon the value assigned to 
i?. Taking R - H the agreement is not good, for the mean 
value of P — P() is about i.oo as compared with tlie (‘xpecled i .3(n 
The value of R whidi would harmonize hypothesis and ()l>ser\'a~ 
tion would be ,333 as compared with .646, or about lialf i!h‘ 
hydrostatic head instead of the equivalent of the hydrostatic- lu'ad 
considered the maximum value by Dixon. Since determiiiadoiLs 
of the resistance of the conducting tissues have for the most jiarf 
been made on cut branches and with methods in whicT errors 
are unavoidable, it seems quite possible that half ratlier than the 
equivalent of the hydrostatic head may be the true value of tlie 
force required to overcome the resistance encountered l)y wati*r 
in moving through the conducting tracts of these species at the 
rate of the transpiration stream P 

Capillary rise in the stem and imbibition pressure in the leaf cells would both 
tend tonffset R. Neither of these forces would he indiidcxl, at leant in thedr entirety, 
in 'the direct 'measurements of R which have been made. 
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It is pexhaps evident from the preceding paragraphs that the 
four lines of investigation now most needful for a more complete 
understanding of the relationship between osmotic concentration 
and level of leaf insertion are: (a) more extensive measurements 
of the resistance opposed to the transpiration stream by the con- 
ducting tracts; (6) detailed investigations of the properties of the 
fluids of the transpiration stream at different levels in the trunk 
throughout the year; {c) measurements of the two chief atmos- 
pheric environmental factors, evaporating power of air and insola- 
tion at different levels; and {d) determination of the extent of the 
role played by the imbibition pressure of leaf colloids. 

The question of the resistance of the wood system has been 
touched on above. Further measurements for a great variety of 
species are needed. The importance for plant physiology in 
general of the investigation of the composition of the transpiration 
stream at different levels has been shown by Dixon and Atkins 
who have provided a method* and have published several series . 
of measurements on trees examined during the winter and vernal 
season. t It seems rather improbable that such differences as 
they were able to demonstrate during the period of mobilization 
of reserve materials should be of great influence at the time at 
which our determinations were carried out. Nevertheless the 
subject deserves far more detailed study than Dixon and Atkins 
have been able to give it in their splendid pioneer work.f 

Differences in the evaporating power of the air and in insolation 
would (theoretically) influence osmotic pressure by increasing the 
concentration of solutes in the leaves by evaporation and through 
differences in the rate of photosynthesis in varying illumination. 

* Dixon, H. 1:1., & Atkins, W. R. G. Osmotic pressurovs in plants. IV. On tlie 
constituents and the concentration of the sap in the conducting tracts, and on the 
circulation of carljoliydrates in plants. Sci. Froc. Roy. Dublin Soc. N. S. 14: 374--" 
392. 19x5. Also in Notes, Bot. Sch. Trin. Coil. Dublin 2: 275-293. 1916. 

t Dixon, H. H., & Atkins, W. R. G. Osmotic pressures in plants. VI. On the 
composition of the sap of the conducting tracts of trees at different levels and at 
different seasons of the year. Sci. Froc. Roy. Dublin Soc. N. S. 15: 51-62. 1916. 

Also in Notes, Bot. Sch. Trin. ColL Dublin 2; 335-346. 1916. 

t Note that Dixon and Atkins find that the concentration of carbohydrates 
increases from lower to higher levels of the trunk. Possibly this may have some 
relation to our own findings with regard to the increase of osmotic concentration 
but the decrease of conductivity, or at least of the ratio of conductivity to freezing 
jxoint lowering, in leaves inserted at higher levels. ' See discussion below. 
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The question of differentiiition in atinosplieric* (‘oik lit ions al, 
various levels in the forest ha,s loni>' rec'eived ihe atUiihoii ol 
ecologists. Thus as early as tS88 Scliiinper'^' ('ailed aileirlioi't lo 
differences in, the epiphytic vegetation ol the loresl llc.M,)r and 
canopy. Slireve in his studies on Jamaican tiynieiiophyliaeeae j 
and on Jamaican montane rain forest epiphytes in genera, 1| lia,s 
emphasized the same point, ret erring the observed diflenmces to 
“vertical differences between the climate of the lores! lloor and 
its canop 3 n” 

Further light is thrown upon the subject by an exiimiiiation of 
the specific electrical conductivity of the saps. 

While the values of k measuring the concentration of dis- 
sociated electrolytes do not show as great regularity as do those 
of A measuring the concentration of total solutes, tlie general 
trend of the relationship between this constant and height of 
insertion is clearly the reverse of that demonstrated l:)y the 
freezing-point lowering. Thus in 46 cases the conductivity de« 
creases§ from lower to higher levels as compared with 29 cases in 
W'hich it increases.il Thus apparently the saps from higher levels 
are actually less rich in electrolytes than those from the lower 
levels. 

That samples from higher levels are relatively less rich in 
electrolytes is splendidly shown by a comparison of the ratios of 
electrical conductivity to freezing-point lowering, i. e., k/A. These 
are represented in Diagi^ams 3 and 4. In all I.)ut 13 of the 75 cases 
the ratio is lower in the saps from the higher levels. .Iriirtlier- 

*Schiraper, A, F. W. Die epiphytischc Vegetation Amerikus. Bot. Mitt, 
a. d. Tropen i, 1888. 

t Slireve, F. Studies on Jamaican Hymenophyilaceae. But. Gaz. gi: iK.p 
1911. 

J Slireve, ,F. A Montane Rain-B'orevSt. Pub. Caro. Inst. Wash. 199: ^8-41. 

1914* 

§ Botanists who are unaccustomed to thinking in physico-diemiral terms neeil 
only remember that specific electrical conductivity Is the reciprocal of the* n‘sista!ice 
whicii is inversely proportional to the concentration of ions of electrolyt<‘s, 11uis a 
decrease in conductivity indicates a decrease in the concentration of dissodated 
electrolytes. 

!| Confidence in the significance of these difference's is increased hy ih<‘ fact thut^ 
the mean value of the negative difierences (i. e., those in which the conducth'ity 
at a lower level is greater than that at a higher level) is greater tluin that of thi- 29 
positive differences. 
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more, the averages of the negative differences is far higher than 
those indicating increase in k/A with increase in height of insertion. 
Thus the mean of the positive differences between the values of 
(ic/A) X for higher and lower levels ivS only 69.5 as compared 
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with a mean of - 112.3 for the negative differences. For all 
comparisons the mean differences in — 80.7. 

Thus our findings apparently indicate that if environmental 
heterogeneity plays a rdle in the determination of the differeiK^es ' 
in the physico-chemical constants found, the increased iihoto- 
synthesis at higher levels is the factor of the greatest importance. 




Osmotic ■ CONCENTILVTJON of leaf sap 


285 


Our own feeling in regard to the matter is that conclusions 
concerning this question should be deferred until actual measure- 
ments of the suggested environmental factors are available, ' 

IV. Recapitulation 

In the preceding pages we have considered the problem of the 
relationship between level of insertion and the physico-chemical 
properties of leaf sap in trees. 

Measurements on 26 trees belonging to 12 species show that: 

■ {a) The osmotic concentration of the leaf sap £is determined 
by the freezing-point lowering method increases from lower to 
higher levels. This is true almost without exception. 

(b) Specific electrical conductivity, /c, shows a tendency to 
decreavse from lower to higher levels. The results are, however, 
by no means so regular as those for the depression of the freezing 
point, A. 

(c) The ratio of specific electrical conductivity to freezing-point 
lowering, /c/A, decreases from low^er to higher levels. This is true, 
almost without exception. 

The relationship of physico-chemical properties to level of leaf 
insertion must be due to either internal or environmental factors. 

The suggestion is made as a basis for further investigation 
that if the increase in osmotic concentration with increase in 
level of insertion be an adjustment on the part of the leaf cell to 
increased load, the increment in osmotic concentration should be 
ap|")roxim:ilely given by 

P - P,) - 1 / + P, 

where P is the osmotic concentration at a higher and Po that at a 
lo'wer level, II is the weight in terms of atmospheres of a column 
of water X — 'Xo in height, and R is the resistance, exprcvssed in 
atmospheres, to the passage of water moving at the rate of the 
transpiration stream opposed by conducting tracts of the length 
X — Xo, where i and io are the heights of the two levels of leaf 
insertion. 

The ratio 

P Po ^ 

, (L":^XoV34^' ' 
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which should c(|i!al unity within the limits of cxpcrimciilal <‘rn?r 
if hicrease iji osmotic concentration urre an adjustment liydfmsftilii^ 
head alone^ varies \vidt‘ly, with the averag;<‘ value ol R50S, Ihis 
excess might: be expected from the resista.iiee due to llie coiidiHAiiig 
tracts. The closeness of agreement of theory and (»hscr\'alioii 
must depend upon the value found for R, a value upon wliirh 
experimenters are not at all in accord. 

We must, however, point out that an agreement Isetweiai tin* 
observed increments in osmotic concentration atnl flic tlu‘ori‘nca! 
values calculated from the hydrostatic head and the ri/sislanc'c 
of the conducting- elements cannot l:)c taken as jjroof of an adjust*' 
ment on the part of the cells to the back i^uil due to tliese facl(n*s. 
Such agreement might be purely accidental. Until tlie ])ussible 
external factors to which increase in osmotic concentration at 
higher levels might be due arc eliminated Iry experimental st iidies, 
any such agreement should be regarded as a coincidence. Meas- 
urements of the extent of differentiation in evaporating power of 
the air and in the intensity of illumination to which leaves growing 
at various heights are subjected are urgently needed. 

In emphasizing the fact that the results of this study ntiither 
substantiate nor disprove the avssumption that the buck [.)ull due 
to hydrostatic head and to the resistance of the tracts .stand in a 
causal relation to the increase in osmotic concentration, wv niiisl: 
point out that if osmotic concentration of the leaf sa|) b<‘ a fador 
of importance in, the rise of the transpiration strt.'am, the increase 
in the osmotic concentration with height of insertion ma\' liear 
a very significant causal relation to the ascent of sa}) in liees. 

The fact that the relative concentration of de(Urolylc‘s dc‘* 
creases from low^cr to higher levels would indiciite I hat the dif- 
ferences are due to increased photosynthesis in tlie u|)|)er regions 
of the tree rather than to the concentration of salts fnim the s<iil 
solution by increased transpiration. 

In conclusion, it is perhaps hardly neces.sary to siiggt‘si tin* 
desirability of correlating differences already known to be ^:isso- 
ciated with height in trees — for example, heavier fruiting or the 
development of the so-called shade leaves— with saj) |:)foperdes* 

Station for Experimental Evolution, 

Coll Spring Harbor, New York 



A critical study of certain species of Mucor 

Au'RKD H. W. Povah 

(with plates I7~20) 

[Concluded from page 230] 

V. TAXONOMIC 

In the preceding experimental part of this work it has been 
shown that the species of Mucor, with but few excei)tions, are 
rather plastic organisms, varying consideralily with the external 
conditions, particularly the substratum. This fact, together with 
the lack of emphasis as to its importance, especially in cjuestions 
of taxonomy, has led to a great deal of confusion and often to the 
description of a single species under vseveral names. In view of 
this fact it appeared most desiral)le to attempt a standardization 
of the cultural requirements and to undertake a detailed study of 
as many forms as possible under such conditions. Early in the 
work it was seen that it would be neccvssary to limit the field of 
study, and as the genus Mucor is composed of so many species 
which offered diflic'ulty, it was decided to include only this genus 
in the detailed study. In the aggregate, over one hundred cob 
lections (miml)ering those' from Avhich no inucors were isolated) 
ha\'e bi‘en made during the last three years, A glance at I'AmJC I 
will show the result : eighty-four collectimis gave mueors, twenty- 
eiglil from dung, Iwc'iUy- two from decaying plant or animal sub- 
stamx's, twenty-three from .soil, vie, I'ourti'tm genera of the 
Mucorales, inehiding thirty-sev(‘n species,' were isolated: Mucor ^ 
riiiieli'en s|,)ecies; Absidin, t.wo s|)e('ies; Rhizopus^ tw'o spijcies; 
Sporoddma, one s|,)(.‘cies; Phycomyces, one species; CircineUa, one 
species; Glanierula, one species; Zygorhynclms^ one species; lleM- 
costyhmi, one species; Thamnidiim, one species; Piloholm, three 
species; Chmtodadium, one species; Ctmninghamella^ one specicws; 
and Syncepkalis, two spedCvS. 

It will be observed (Ta'BLE I) that sixty-six collections of 
Mucor were obtained, which are referred to nineteen species. Of 
these, si'X species are undevseribed, viz.: Mucor abundans, M, 
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varians, III. aroinaiicus, M. ^^riseosporns, M, coprophilus, ajid /If. 
griseo-Iiiacin as . 

As has been mentioned before, it was decided to use brcsacl as 
a standard medium for the com})ara(i\'e study oi the sixaaes o! 
Mucor. A convenient and, at the sanu! time, nniiorm style* oi 
culture was a further devsideratum. I'he tall lifdess In/akers de- 
scribed in the method of making herbarium preparations |)r(»\a*d 
iinsuital)le in this case, by reason of their large sizi*, arid tlie im- 
possibility of opening them after they had stood lor somii time 
without contaminating the culture. This was doubtless due to the 
fact that the cotton used to make the (Petri dish) cover tight servxal 
as a collector of spore-containing dust. After several aii’ange- 
ments, the following method was evolved, and tliis has pruWiJ 
successful and easy of manipulation. Two glass capsules, each 
containing about i c.c. of bread (fresh bread, vslightly moistene<l, 
or dried bread with sufficient water added to form a {lastc after 
autoclaving), were placed side by side in a 125 mm. crystallizing 
dish. This was covered first with a thin layer of cotton batting, 
and then with a circular gla.ss plate about 12.5 cm. in diameter. 
These preparations were autoclaved three or four hoiirvS at tifteen 
pounds pressure. All of the descriptions and figures, unless 
otherwise specified, were made from cultures pr(‘pared according 
to the above-described method. The height in eacli case was 
checked by comparison with herliarium cultures in the tall beakers, 

The author assumes that anyone attempting to identify a 
mucor has found some difficulty with the already existing keys, in 
tliat it is necessary first of all to ded, ermine wdu;‘t:her or not' the 
sporangiophores are branched or simple, a.nd if tin* fonrii*!*, wlietlier 
racemoscly or cy'inosely f)ranclK‘d. To facilit'a.U/ 'ma,l1i‘rs, con-' 
sicleration will first be given to the (juestlon of simi'ile aiu^l branchi-d 
sporangiophores. Lendner gives as a parentliet'ical (‘X|)ri*ssion 
after his uiibranched group '‘exceptionally, when tiie condil'ic'U'is 
of nutrition are unfavorable, branches are formed; they are ais<'*s 
of anomaly.’’ This immediately causes trouble, because? if 
branching is found in a species it must l)e determined whet'her it is 
anomalous or not. To give a concrete example, Wehmer (1903) 
described a mucor under the mme Mucor hiemalis as “mostly 
unbranclied (seldom with lateral branches),’’ and this hasj:}ewi 
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placed 'by Lendner aiiider the iinbranchcd group. Hagem (1908) 
says that after a study of VVehmer’s species he believes that 
Mucor hiemalis has simple sporangioi>hores only in young cultures, 
later l)ecoming profusely branched. M. Miicedo L., also, has always 
been classed as a simple form, yet in most descriptions branching is 
given as occurring rarely. It seems better, therefore, not to follow 
the traditional separation into branched and unbranched forms. 
The ciuestion of kind or type of branching is even more difficult 
to determine as both types often occur in the same species (M. 
saturmnus). Moreover, different students of the group place 
the same species under different types of branching. Examples 
of this disagreement are shown in the case of ikf. sphaerosporus, 
M, griseo-cyanus^ and M. silmtictiSj all of which were described by 
Hagem. He placed the first tvro in the Racemo- Mucor group and 
the third in the Cymo-Miicor group. Lendner changes all three, 
|.)lacing the first two in the cyniosc, and the third in the racemose 
group. From this it is manifest that branching is a poor means 
of separation of species in a key. For these and other reasons to 
1)0 given later, the writer has discarded this character in the 
preparation of the following key which contains the species studied 
from uniform, standard bread cultures. 


J 


Key to species studied 


I, Turf 5 t’ln. tali or over 

I. Turf 0.5- 5 r.ni. tall 

1. Turf lesfc? tliau 0.5 tall 

2. gloIxKse, siibglobuse to Huboval 

2. Spor<*h‘ not globose to suboval 

3. 1*urf Hoiue sliaUe of gray 

3. Turf (lark l>rowu 

4. Turf loovse, soon collapsing 

4. Turf (Icuuse, remaining <*rect 


M. froliferus Scliostak. 

2 

16 

3 

* 9 

4 

8 

If. chri.sti amends flagein. 
S 


5. Spores large, shining, 8-- 13 ju 3, M. lamprospoms I.emlner. 

5. Sfiores small, not (‘xceecling 6 ^ 6 

6. Columella aubgloboae to pyriform . 4, M. abundans sp. nov. 

6. Ck'rlumella globose to oval 7 

7. Sporangia brownish; circinate sporangiophores 

near substratum $. M. cirdnelloides Van Tiegh. 

7, vSporangia grayish; cirdnationa not present 6. M. rortofza Hagem. 

8 . Columella spinescent; chlamydospores rarely in 

sporangiophores 7. If. plumbeus Bonorden. 

8 . Columella smooth; chlamydospores usually in , 

sporangiophores 8. M, sphaerosporus Hagem. 



29(1 


PoVAH: a CKITICAL STUDY OF 


<}. Spores elliptical or c\iinrlru'n ,1 ® 

9. Siiores not ellipliciil or cylindrical > ■’ 

10. Culture aromatic; turf ochrac(H>iis 0. nrtnuaiuns sp. iK'V. 

10. Culture not aromatic; turf jj;ray * ' 

Ji. Columella pyriform to paudiirifonn ; sporc'S <S -la 

X5“(3 /X i<>. ^'V/. y.vheo^porus sp. uov. 

11. Columella cyliudrical to pyriform; .spores 9-16 

X5--8 ju TT. M. coprophiliis iu)V. 

T2. Turf ivory yellow to olive buff (Ridgway) 12. M, vanans sp. iiov. 

12. Turf some shade of gray Ci 

13. Turf I(»ose; columella oval to jiyriform 13. d/. siilurninns Uageni. 

13. Turf dense; columella not oval to pyriform i.} 

14. Spores not uniform, subrcniform, subfusifonn . . 14* d/. hicnialis Weluruu'. 

14. Spores uniform oval 15 

15. Sporangia deep bluish-gray; circiuate sporangio- 

phores near sulistratum 15. d/. grlst’o-^cymius ihigem. 

15. .Sporangia dark greenish-gray; circi nations not 

present 16. M, grtseolilachnis sp. nuv. 

16. Turf red; coimnclla smooth 17. d/. Ramannkniis Mioeller. 

16. Turf brown; columella spinescent M. spine.sceus lamdni'r. J 

Descriptions of spiccies 

I. Mucor proliferus Schostak, Ber. Deutsch, Bot. Ges. 14: 
260. pL j8,f. 1-14, 1896 

Forming on bread a loose, erect, smoke gray (l^idgway) Inrf, 
tinged drab, 2-6 cm. tall; sporangiophores septate, 23-82 ji in 
diameter, simple or profusely branched, with long and (hen usually 
simple, or short, simple or ramified branches; sporangia largt* 
(terminal) or small (lateral), 210-349 m and 31 74 /x in diainettub 
respectively, encrusted with crystals, small lateral s{)orangiu olfen 
deciduous; sporangium wall persistent or rupturing (in tlic' east* tsf 
the small s|)orangia), or deliqnescent (large; terminal s|)orangia|, 
leaving a basal membrane; columella frein ('vlindrical (o pyriforni 
(approaching panduriform), 125-150 X 5^' <)o u (extremes 70 2fb(t 
X 43-174 g), tinged brownish; spores elliptit'al, H-ao X 4 g in 

diameter (extremes 6-16 X 4 8 g), hyaliiu*; ^yg(KS'pares globose or 

somewhat fiattened at the ends (diameter with jixis throiigli sns« 

pensors 17-31 g less than diameter perpendicular toil), 154 lOH 

X 127-137 /X (extremes 116-182X99-154^)1 dark Imrwn, be- 
coming brownish black at maturity, young zygospores with small, 
round warts, which become large and irregular in maliire zygo- 
spores, suspensors subequal, heterothallic , (single spore (mltiires 
produce no zygospores). {Plate 19, figs. 6-10.] 

This interesting species was collected only once, on dung, 'riie 
zygospores, before unknown, were found in the original culture 
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and ill c'lilliio/s made by transfers to lireacb In order to 

si‘panUi^ tins rmu'or fnnn other present, single spore ciil- 

tiiix’s were rmide and only one strain was isolated. The collection 
daU‘s from llie early part, of the work (19,1.3); consequently no 
idToii; was inadi,* to isolate hotli strains. No. 34. 

Tins niiK'or cwliibils a great difference in height according to 
lh(‘ siilistrai.iuiK A maximum height of 68 mm. was obtained on 
rnl!i‘d oats; wliile the following data give some idea of the range of 
variation: brt'ml and corntneal, 60 mm.; potato agar, 55 mm.; 
ri(‘e, 40 Him. with no color iirodiiction ; bean agar, 33 mm. On 
gra|)4*fntil it does not, ext'eed 3 mm. It was found to ferment 
dextrosi‘ and to oxidize tyrosin solution. 

2. Mfcor ('HRiSTiAXiFNSis Hageiii, Ann. Mycol. 8: 268, /. 2 -j^ 

1910 

iMnariing on bread a loose, smok(‘ gray turf (Rklgway), with 
drab ting(s r 3.5 cm. tall, soon collapsing; sporangiophores 6-16 fi 
in diameter, sparst^ly ramified with a few long or short branches 
ending in a sfiorangium and will) a septum above point of insertion 
(jf braiH'h; sponuigia globose, 50- 80 g (extremes 43-121 g) in di- 
ameter, pah' brown, transparent with the spores vshowing through; 
spmiiPgiiini mPl nqUuring, leaving a usually large, or small ba.sal 
nieniliraru': (‘(duniella free or slightly aclnate, oval to pyriform, 
20-83 X -62 g, brown; spores subglobose to , suboval, 

f>'ioX5 Kg or 5 -9 g in diameter (extremcB 4-12 X3-iog); 
rkluHiydihspores nnmerous in the sporangio]:)hores, oval or barrel- 
sliafwd wl'ien young, globtise at maturity, 16-23 g in dia, meter; 
!':ygispom not found (pri*suma.l>ly helerolhaltic). 

This specit's was n^llecled four tinu's; twice from soil in potting 
bei'H'-Ii and Inal of diffeiami grc'enhouses, once on fallen leaf (l)y 
Mr, IT Levin), aiul (ance on Brazil nut. Nos. 48, 54, 59, and 77. 
it is nTUcil, as , Ha, gem (i<)io) has pointed out, to Mncor race- 
mosns I;' restm., but differs principally in the fact that the chiamy- 
dospc,n'es l>ecoinc‘ splierica.! at maturity, while in M, racemosus 
tlu'y renmin barreLshaped. 

il'uair cJirisHaniensis varies Intt little in height on the different 
substrata, used: on riceVit is 5-10 mm. high; on bread, 4-8 mm.; 
iirid on grapt'frnit, 3--, 10 mnw The species was found to ferment 
dextrose but did .not oxidize tyrosin. Moreover, it does not 
foiaii aivy^yellciw tX)loiM,)n rice. 
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3. Mucor lamprosporus Lcndner, Pull. 'Mcrh. I'ioissiiT If. 8: yH. 

1908; Lcs Mocoriuecs de la Suiss(‘, (p. Ikuau*, 190S 

Foriiiiiig* on l.)rcad an erect', dense, pale vSinok<‘ gray (Ridgw'ay) 
turf, 1.5-3 cm. tali; sporan<^‘iophorcs 10-23 }x in diaiiu 9 er, rajiiifying 
with a few long branches, or with very short, ('ircTnati^ I'uancl'ies, 

ending in a sporangium; sporcvniiia glol‘)os(% Icumiinal (>2 82 /x in 

diameter, lateral 33-“43 spormii^him wall of large s|)orang:ia 
rapidly deliquescent (glycerine mount necessary to ol)tain sjjoi'aiw 
gial measurements), of small sporangia iiensislcnt or disscjK'ing, 
leaving a slight basal memlirane; colimeUa globose to oval, frc‘t% 
16-51 X 18-43 g; spores globose, shining, large, 8- 1:3 jit in dianw 
etex ] sygos pores not found (presumal.^ly heterothallic). 

A single collection of this species, easily rec'ognized l)y tlu‘ large 
shining spores, was obtained from an oak root, found l>y Mr. li. 
Andrews, brought into the Cryptogamic Laboratory and |)la(:(‘d 
in a moist chamber for study of mycorhiza. No. 35. It ivS 
interesting to note, in this connection, that tlie closc^y-related 
species Mucor sphaerosporus Hagem was obtained from my'corinza 
of Pintis montana by Professor Gran in Norway. 

On rice this species grows 25 mm. high and on grapefruit 1.7 
mm. It ferments dextrose, but does not oxidize tyrosin. 

4. Mucor abundans sp. nov, 

Forming on bread a dense, erect, smoke gray turf (Ridgway), 
tinged drab, cm. tall; sporangiophorcs 8- •23 /x in clianuder, 

at first simple, later with one to three lateral !)ranch(‘s which are 
in turn branched once or twice (exceptionally five t'imt^s), willi 
i:)ranches always terminating in a si)orangium, and wilh a si^ilum 
al)ove point of insertion of branch ; sporangia gloixise or suliglol josi*, 
vsmooth or incriusted with very delicaite crystals, 56 78 /x in di- 

ameter (extremes 39 ““ 9 ^ tit first yellowisl'), liecoming dark gTa,y 
with a greenish tinge at maturity; sporangium wall ck^icjiiesiTsil, 
leaving a basal membrane; columella sul'iglobosc to iryriform, frcH! 

or slightly aclnate, 3 t- 4 <> X 25-35 M (extremes 21-bb X 20 55 /x), 

hyaline or-tinged gray; spores variable, globose to short ellipticxil, 
3-5 u in diameter or 4-5.5 X 3 ''“ 4*5 M (a few 8 X 6 m) ; cMumytkh 
spores and yellowish globules in sulmierged mycelium; zygospores 
not found (presumably heterothallic). [Plate 17, :ei(;s. i-'b.j 

This species was found to be very common, no less than c‘levtm 
collections having been made from the following sources: three' 
times from horse dung, twice from sandy, tilled ,soil, three times 
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Iroiii (lung (presiiniably squirrel), once from decaying tomato, 
rabbit clung, and dog dung, respectively. Nos. 7, 9, 14, 19, 22, 
25, 28, 31, 32, 33, and 60. Nos. 14 and 22 were collected by 
Messrs. K. Duncan and E. B. Mains, respectively. 

M'Hcor abundans is characterized by the oval to pyriform col- 
iimella, the varial:)ie~globose to short-elliptical — spores, and the 
color of the turf (smoke gray tinged drab). It is related to Mucor 
gri$eo4ilacdmis, but differs from it in the color of the turf, the 
oval to pyriform columella, the variable — globose to short ellip- 
tical — spores, and the absence of the lilac tinge in the columella 
and hyphae. It is also related to ill. hiemalis (sense of Hageni), 
from "which it differs in the shape of the columella and in the shape 
and size of the spores. 

Mucor abundans growls 40 mm. tall on rolled oats, 30 mm. tall 
on corn meal, 25-35 rice, with or without the forma- 

tion of 1)11 ff to yellow line around edges of surface of rice, and 
9-18 mm. tall on grapefruit. It ferments dextrose, but does not 
oxidize ty rosin. 

5. Mitcor ciRCiNELLOiDES Van Tiegh. Ann. Sci. Nat. Bot. VI. 

1:94. 1875 

Forming on bread a dense, pale smoke gray (Ridgway) turf, 

1 -3 cm. tall; sporangia phores 8-16 ji in diameter, tall and short, tall 
forming a turf 2-3 cm. tall, and short attaining only i“2 mm. 
in height;, tall sporangiophores with long or short l>ranches, short 
sporfuigiopliores more profusely branched with short and often 
cdr<aualt‘ branchevS, always terminating in a sporangium and with 
a si^itum akove the point of insertion of branch; sporangia globose, 
of tall sp()raiigi()|')lK)res, 50-70 M in diameter (extremes 43-80 
of dwarf sporangiophores, 14-35 u bi diameter, at first yellowish, 
iK'C'oming lirownish gray at maturity ; sporangiufn wall deliquescent 
in sfiorarigia borne on tall sporangiophores, rupturing or persistent 
in si,)oraiigia of dwarf circinate .sporangiophores, leaving a 'basal 
mcmbnuie; columella free, globose to oval, 31-43 X 

(extremes 20 51 X 18-43 ju), tinged grayish; spores uniform, sub- 

giul)Ose to oval, SmS X3-4M or 3-5 /x in diameter (extremes 8 
X 6-8^ in diameter)'; cklamydospores and oicHa in and on sub- 
stratum, chlamydospores 20 X 12 /x; zygospores not found (species 
heterothalHc). 

This species is characterized by the tall and .short (often cir-^ 
ciiiate) sporangiophores, the, subglobose to oval columella, and 
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t'Jie iiiulV)rin— siih^'lobose I:o oval — spores, 'measuring 3- -5 X ,V 4 M 
or 3-5 M in diameter. It is related to M. !^mro<yan!is ilagerri, 
from wliicli it differs in the color of t.he turf, color of tlie sporangia, 
and the spores. It is also relat'ed to M, abundans but differs from 
it in the color of the turf, circinatc ramifications, shape of colu- 
mella, and the spores. In Mucor circintdloides the spores are 
uniform, siibglobose to oval, while in M, ahmidans they are \'ari- 
able, globose to short elliptical, also slightly larger. 

Mucor circhielloidcs collected .six times from soil, ioiir times 
from tilled soil, once from greenhouse (potting licnch), and onci* 
from soil in cold frame. Nos. 38, 39, 42, 43, 45, and 56. 

This species is 15-35 mm. tall on rice, without color produc- 
tion or with a pale pinkivsh (or ochraceoiis) liiiff (Ridgway) lini^ 
around the edges of the top of the sulastratum. On grapidruit it 
is 2-17 mm, tall. It ferments dextrose but does not oxidize 
ty rosin solution. 

6. Mucor corticolu.s Hagem, Ann. Mycol 8: 277./. 8, 1910 

Forming on bread a dense, pale smoke gray to smoke gray 
(Ridgway) turf, 0.5-2 cm. tall; sporangiophores 6-16 ix in diameter, 
profusely branched, with long often ramified 1), ranches, terminating 
in a sporangium and with a vseptuni above point of iiLscniion of 

branch; sporangia encrusted widi delicate cryvslals, gioliose, 51 

94 ix in diameter, dark gray; sporangiitm- wall deliqiu‘scent, ](‘a\'i!ig 
a large or smrdl l)asal memlirane; coluniella free or vsligldly adnab*, 
mostly oval (a few subglolK)se), 31- -62 X *7"''3- M (ext,rmru\s xf) 62 
X 14-51 tinged gray; spores subglobose to vsnlioval, 3 * 5 '5 
X 3 "“ 3*5 A or 4-5 jx in diamider (c^xtremes 8 X f> m r>r 6 7 /i in 
diameter); zygospores not found (speci(‘S txresuuialily helerodiallic), 

A .single isolation of this sfxxTes wa.s obtained from soil (just 
beneath the surface) in a corn field. ,No. 57. ddris sfiecies, wliicii 
is related to If. silmticns Hagem, is chara,cleri7.ed by the fa.ci' 
that the lateral branches are usually shorter d'lan tlit^ long, often 
bending main axis; by the usually oval columella; and by the dif- 
ferent-shaped and often larger spores, 

Mucor corticolus forms a drab gray (Ridgway) turf, 2 ('‘'m, t'a .11 
on rice with the production of a pinkish buff line around the edges 
of the surface of the rice. It fer.ments dextrose l,)Ut does not 
oxidize ty rosin. 
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7. Mucor plumpeus Boiiordeii (sense of Leiidner), Abli. Nattirf. 
(k‘s. Halle 8: 109. pi. i,f. 20. 10864 

Formint*- on bread a dense, fuscous (Ridp;way) turf, o.i-t cm. 
tall; sporangiophorcs 10- 1,6 jw in diameter, profusely branched with 
btranches (mdiiig- in a sporangium and with a septum aliove point of 
insertion, of branch, also septate at irregular intervals in the 
sporangiophores; sporangia globose, 60-80 m in diameter (extremes 
35-1 17 ^t), brownish black, enciTisted with crystals or smooth; 
sporangium tvall deliquescent, leaving a basal membrane; columella 
free, oval, pyriform, elongated, or conical, smooth or furnished with 
one to twc‘lve vspines at the apex, 30-60 X 16-32 n (extremes 16- 
74 X 12-59 /^.)j dark brown; spores globose, 6-9 g in diameter 
(extremes 5-13 /x), also a few elliptical and in^egular'shaped spores, 
23 X 18, 16 X 12 jLt, dark brown, punctate; s;ygospores not found 
(species heterolhallic). 

This species was obtained four times: twice as contamination 
in cultures; from Sphagnum with germinating seeds; and from a 
decayed Brazil nut. Nos. 47, 51, 61, and 78. The species Is quite 
variable, as a comparison of the descriptions given by Fischer and 
Lenciner will show. Moreover, there are transitional forms be- 
tween it and the closely related species, M. spinescens Lendner. 
On potato agar, rolled oats, and bread, M'. phimheits reaches a 
height of 10 mm,, on rice, 7-8 mm., on cornmeal, 5 mm. and on 
grapefruit, 4-5 mrn. There is no color iiroduction on rice. It 
ferments dextrose and oxidizes tyrosin, l)ut more slowly than 
M. copropliilns and M. griseosporus. 


8. Mucor spuakrosporus Hagem, Vid.-Selsk. .Skr. M.-N. Kb 
(Tnistiania 1907F* 22. f. 4, 190S 

Forming on i)rea,d a dense, 2 mm. high, and a sparse, i cm. 
high, liair laxjwn (Ridgway) turf; sporangiophores 6”i8g in di- 
ameter, ty|)ical!y liranidiecl, with one long liranch (in turn pro- 
fusely ramified), or several short, simple liranches, in either case 
with lirandiCwS terminating in a sporangium and with a septum 
al)0ve the point of insertion of a branch ; sporangia globose, 78-86 ju 
in diameter (extremes 59-98 ju), with spores shining through, 
In'own; sporangium wall deliquescent, leaving a basal mcml^rane; 
columella free or slightly adnate, subglobose to pyriform, 39-59 
X 35-47 M ' (extremes 23-70 X 21--59 /x), tinged 'brown; spores 
imifornily globose, 5-8 u hi diameter (extremes 4-T0 /x), yellowish; 
chlam'ydospares in sporangiophores, globular, with central oil 
globule; zygospores not' found (presumably heterotballic). 
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This species was obtaiiKxl twice, from (.lecipatl k'al and as a 
contamination in a, culture. Both ot these th(.‘ writm* riHvived 
from Mr. E. Levin. Nos. 49 aiul 1 iH’long's to ilu* /!/. rare- 
ntos'iis group of miicors liiit can readily lx? disiingiiislicd Iroin l!u‘ 
aliovc-'nientionecl species by the Color ol the turi, which Is nearest 
to that of M, pluntbetis, although it is slightly lighter. The liranch- 
ing in AI. spliaerospoms is much more profuse than in M. race- 
mostis; and while the spores are very similar in the two sfiecles, 
the chlainydospores are different, fn M. sphacrosporus they are 
globular and have a central oil globule. 

This species forms a hair brown (Ridgway) turf, i 2 (un. tall 

on rice, Avithoiit any yellowish coloration near surfact? of siilx 
stratum; on grapefruit a 7“-8 mm. tall, gray turf is jirodinred. 
Dextrose is fermented but tyrosin is not oxidized i)y this spei'ies. 

9. Mucor aromaticus sp. nov. 

Forming on liread a loose, yellow ochre to ochraceous orange 
(Ridgway) turf, 2-3 cm. tall; sporangia phores 20-50 in diameter, 
typically unbranched or with one to three lateral branches always 
terminating in a sporangium; sporanfiia gioh(,)se, 100-160 ij. in 
diameter, encrusted Avith small crystals, more or less tranvS|)areirt, 
shoAving the spores Avithin; sponmgium. wall delic|iiescent, Avitliout 
or Avith basal membrane; colwmella free, suliglobose to oval, af)- 
proaching pyriform, 51-121 X 43"'J05 ^u, Avith or without proto- 
plasmic. contents, hyaline; spores uniform elliptic'al, 1 <S 20 X 
(extremes I5"™35 X 7""i4 a few oval, also approaclniig spherical; 
culture strongly aromatic, with odor somewhat Iikt‘ camphor and 
celluloid; zygospores not found (species presiima,l)ly hetmAjthallicr). 
[PtATr: 17, F1C.S. 7-1 1.] 

This species is characterized by its ochraceous (‘olor and its 
odor. Its origin was dung (s(|iiirrel?), and the Avritt?r is indtTted 
to Professor J, B. Pollock, who collected it. No. 24, 

Mucor aromaticus Amries with the substratum as may be 
from the following data. On potato agar it grows 32 mm. tall; 
on bean agar, 20 mm,; on apple agar, ii mm,; on rolled oats, 30 
mm.; on cornmeal, 20 mm.; on starch paste, 20 mm,; and on ricc, 
20-30 mm. (often coloring the whole substratum yellow). It 
ferments dextrose (slight amount of alcohol found on second dis- 
tillation), but does not oxidize tyrosin. Cultures on the following 
substrata were strongly aromatic: rolled oats, cornmeal, licef 
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gelatin, potato agar, dextrin gelatin, and rice. On starch paste 
and apple agar, however, the odor was slight. 

10. Mucor griseospoms sp. nov. 

Forming on bread a loose, erect, light grayish olive (Ridgway) 
turf, tinged l)rown, 3-4 cm. tall; sporavgiophores with brownish 
membrane, 20-70 /x in diameter, typically unbranched, or with 
one or two short lateral branches terminating in small sporangia, 
becoming septate in old cultures; sporangia globose, terminal 244"- 
302 IX in diameter, encrusted with crystals, lateral up to 98 ^ in 
diameter, at first yellowish becoming dark gray at maturity; 
sporangium wall deliquescent (except in small sporangia) leaving a 
basal membrane; columella free, pyriform, pyriform broadened at 
the base, or panduriform, 115-242X88-165^ usually with 
yellowish to pale orange contents; spores uniform, elliptical 8-12 
X 5-6 (extremes 8-15 X SSjjl), clear gray, in mass almost 
l.>Iack, agglutinate; not found (presumably heterothallic). 

[Plate 18, figs. 1-5.] ' 

This species is characterized by its simple or slightly branched, 
septate, sporangiophores; its pyriform columella; and gray, uni- 
formly elliptical spores. It is related to If. piriformis Fischer, 
l)ut differs from it in the fact that the lateral branches terminate 
in sporangia; in having septate sporangiophores; basal membrane 
present; and slightly larger, and clear gray spores. Collected a 
single time on dung. No. 26. 

M. griseosportis grows as follows: on rolled oats, 70 mm. tall; 
on potato agar and cornmeal, 65 mm. tall; on starch paste and 
rice, 50 mm,; on bread and apple agar, 40 mm.; on l}ean agar, 
27 inm,; and on grapefruit, 21 mm. On rice there is no color 
prod lie ti(,)n. It ferments dextrose to a slight extent, and oxidizes 
ty rosin. 

11. Mucor coprophilus sp, nov. 

Forming on bread a loose, light grayish olive (Ridgway) turf, 
2-2.5 mil. tall; sporangiophores brown, 27“-46 /x in diameter, rami- 
fying with long branches, or shorter, simple or ramified, more 
slender branches (terminating, in small often deciduous sporangia 
2(>“62'/X'in diameter, with rupturing membrane); sporangia (large 
terminal) globose, encrusted with crystals, 185-235' /x in diameter, 
whitish at first, becoming almost black at maturity; sporangium 
wall readily deliquescent (except in the case of sporangia on dwarf 
sporangiophores), leaving a small basal membrane; columella free, 
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('vlindrinil to pyriform, iiu-i 6 o X 7 <>'A 13 brownisli, soiuol iiiics 
with orange ('onlents; spores uarnnvly ellip(i<‘al In L'lrger sporangiji, 
13-06 X 5' 6 ju, broadly elliptical ill smaller sporangia, A) - 12 X 7 
grayivsh; clikiniydospores rart^ly in sfKaamgiophoiX's; rsy^^ospores not 
found (prestiiiiably heler<)l'hailic). ll'b.ATO ,19, ukjs. L'5.| 

This species is characterized by its varied ha, bit of brandling; 
its small, lateral, often deciduous sporangia, recalling Mucor /a?//- 
prosporiis; its cylindrical to pyriform columella,; and its X'arialde 
sfiores, narrowly elliptical and broadly elliptical in the larger and 
smaller sporangia respectively. 1 1 is related to Mucor jiriscos pants, 
from which it differs in its slightly lighter colored and sliorter (iirf; 
more slender and more profusel}-^ branched sporai:igiof)lmr(‘s; 
cylindrical to pyriform columella; and its \^ariable tbroadlx’ lo 
narrowly elliptical), larger, noinagglutinate spon/s. A single.' 
collection was obtained of this characteristie' spivies from rafdiit 
dung. No. 73. Ellis & Everhart’s North American Iningi 972 is 
certainly not if (sporangia and spores too large), and 

probably ought to be referred to if. coprophikts. 

This species forms a 30 mm. tall, Saccardo’s olive (Ridgway) 
turf on rice and a 25 mm. tall, brownish gray turf on graj^efruit. 
It produces no color on rice but oxidizes tyrosin and ferments 
dextrose to a slight extent. 

12. Mucor varians sp. nov. v 

Forming on liread a densia ivory yellow t<,) olive huff (Kidgwax') 
turf, U“3.5 ('iTL tall; sporangia phorcs 8- 20 /x in diameter, either little 
or profusely liranched, much coiled, twisted or interlwiiUHl, 
forming a dense, tough, cottony turf, with proliffn-ations of 
hyfiiae and coliimellae often |)resent; sporangia globost^ or sub- 
glolx)se, smooth, 60-80 m in diameter (extremes 43 a 16 g), at 
first yellowish or pale orange, becoming very dark gray, tingeti 
green, at maturity; sporangium wall deliquescent, leaving a Ijasa,! 
.membrane; columella free or slightly adnatty very variabk* in 
shape, subglobose, hemivspherical, llattened hmnispherica,!, oval, 
cylindrical, elliptical, pyriform, panduriform, ('ylindro-conical, 
subconical and conical, large coliimellae hemis[)herica,l to conical, 
small coliimellae cylindrical to pyriform and pan di,iri form, 25^ 30 
X 20-45 g (extremes i8-“70 X 12-59 ju), membrane tinged gray, 
with or without orange contents; spores not unifonn, oval to sub- 

elliptical (few spherical), 4-6 X 3-4/x (extremes 4-14 X 3 8/i)i 

4-8 g in diameter, bizarre spores not rare,, renifonii, criici.forrn, 
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etc.; zygospores ii(3t found (presumably heterothallic) . [Plate 20j 
FICS. 1-6.] 

This vspecies was isolated from soil (in hardwoods and tilled) 
four times; also from stable bedding and manure; from the stem 
of a decaying apple; and from Calvatia sp. (the last-mentioned 
collected by Dr. E, ’B. Mains). Nos. i8, 21, 29, 36, 37, 46, and 58. 

Mucor varians is characterized by the color of its turf, chamois 
to deep olive buff (Ridgway) in dried herbarium specimens; by 
the extremely variable shape of the columella; by its dissimilar 
spores; and by its habit of growth, i. e., the peculiar intertwining, 
coiling, and proliferation of the hyphae. This species resembles 
Mucor Jansseni Lend, in the shape of the columella. 

Mucor varians forms a light grayish olive to cartridge buff 
(Ridgway) turf, 25”-30 mm. tall on rice, sometimes with the 
yellowish line at the edge of the surface of the medium. On 
grapefruit a gray or yellowish gray turf is formed, 8-15 mm. tall 
(sometimes with a bright orange line around the edge of the surface 
of the medium) . It ferments dextrose but does not oxidize ty rosin. 

13. Mucor saturninus Hagem, Ann. Mycol. 8: 265./. i. 1910 

Forming on bread a loose, gull gray (Ridgway) turf, 2-2.5 
tall; sporangiophores of two kinds, tall and short, the former 
composing the turf, the latter forming patches of dark gray felt 
(less than I mm. thick) on the substratum, tall sporangiophores 
12-35 u in diameter, typically unbranched (sometimes with a single 
vshort branch ending in a sporangium), short sporangiophores 
simple or branched; sporamgia globose, 57-156 m diameter, at 
first yellowish, becoming almost black at maturit}^ finely incrusted 
with crystals; sporangium umll dark gray, deliquescent (in spo- 
rangia of tall s|.)orang!opliores), rupturing (or persistent in spo- 
rangia of short sporangiophores), leaving a large or small basal 
membrane; cohmella free, tinged grayivsh, oval to pyriform, 
34-107 X 39-80 ju, with or without pale' orange contents; spares 
uniformly oval, variable in size, 6-8 X 4-6 u (extremes 4-12 
X 3-7 pRlc gray in mass; zygospores not found (presumably 
heterothallic). 

This species was found on horse dung and on decaying Col- 
lybia dryophila Bull Nos. 10 and 68. 

■ Mucor saturninus is characterized by the varying height of the 
sporangiophores, by the shape of the columella, and by the uni- 
formly oval spores. The color' of the turf is also characteristic. 
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This species forms a 14 20 mm, tall, turf 011 irnipefruil. 
and on rice a u>"20 mm. tall, pa!i‘ smoke ;<ra'\’ to smoke ^ra)' 
(Ridgway) turf. It' ferments dextrost' hul dtK's not oxidize 
ty rosin. 

14. Mucor HiEMALis Wehmer, Ann, MycoL 1:37./. i-(j. i<)03 

Fornring on bread a dense, grayish -white (.Ridg\va\''') liirf 
tinged tilleul buff, 1-3 cm. tall; sponinpophores 16 20M in di- 
ameter, at first simple or, more often, oiua* or twad'e (exci^)! ionally 
up to six times) liranchecl, with a sei)tuni iminediati^ly abo\'e 
point of iiivsertioii of branches, all of which baaninate in a sporan* 
giurii; sporangia globose, 60-75 /x in dianu'ter (extremes 30 loo pt), 
at first yellowish becoming dark gray with a grecaiisli tinge at 
maturity; sporanghim loall deliquescent, Uxiving a liasa! mem- 
brane; columella free, globose to suliglohose, 30-50 g in diameter 
(extremes 20"-55/x), hyaline; spores varial,)le in shaf)e and size, 
subfiisiform, subreiiiform, narrowly oval, subelliptiraal , q-oH 
X 2-4 u (a few 8-9 X 4-6 fj) yhyalmc; zygospores not found (species 
heterotlialHc). [Plate 20, figs. 7-10.] 

This species was isolated from various types of soil, from 
several kinds of dung, and from decaying mushroom. Nos. 4, 5, 
6, 13, 72, and 74. 

This agrees with Wehmer’s description in general althougli the 
sporangia and columella are slightly larger, and branching is 
frequent. Both of these differences may be due to the influence of 
the vsubstratum, as Wehmer has pointed out the varialjility of this 
species. The spores are characteristically varial'ile, ixmiform 
being a common shape. 

Mucor hiemalis exhibit.s the following cultural rluiract'eristjd's; 

on rice it forms a slightly yellowish, gray turf, 10 25 mm. tall 

(with a pinkish buff to orange buff line at margin of the iipfau* 
surface of the substratum) ; on rolled oats the lieight is 42-45 mm.; 
on cornmeal, 25-35 mm.; on starch paste, 20-25 nim.; and on 
grapefruit, 10-19 mm. Dextrose is fermented to some extent l)iit 
tyrosin is not oxidized. In the maltose-peptone-tyrosin solution 
an apricot yellow (Ridgway) submerged mycelium is formed. 

15. Mucor griseo-cyanus Hagem, Vid.-Selsk. Skr. M.-N) 

Kl. Christiania 1907^: 28./. p. 1908 

Forming on bread a dense, mouse gray to light mouse gray 
(Ridgway) turf, 0.5-1. 5 cm. , sporangiophores ' B 'i8m in 
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diameter, tali and short, tall forming the turf, and short remaining 
only 1-2 mm. in height, tall sporajigiopJiores with long (more or 
less) straight branches, short sporangiophores with short (sporangia 
sometimes appearing almost sessile), usually circinate branches, 
always with septum immediately above point of insertion of 
branch ; sporangia globose, 60-80 11 in diameter (extremes 39-98 g) , 
encrusted with tiny crystals, at first pale yellowish, becoming 
deep bluish gray at maturity; sporangium wall deliquescent (in 
sporangia of tall sporangiophores), rupturing (or persistent in 
sporangia of short sporangiophores) , leaving a large or small basal 
membrane; columella globose to oboval, free or slightly adnate, 
33“~39 X 31-33 (extremes 20-58 X 17-47 m); spores uniformly 
oval, gray in mass, 5-6 X 4“5 u (r few 8 X 5 m); chlamydospores 
forming creamy patches (sometimes to the exclusion of sporangio- 
phore production) on surface of substratum, globose, oval to 
ventricose fusiform, terminal or intercalary, singly or in bead- 
like chains, 16 /x in diameter or 20 X 10-12 ju; zygospores not found 
(species presumably heterothallic). 

This species was collected twice: once, by the writer, on dung 
(squirrel?), and once on old bones in the Zoological Laboratory of 
the University of Michigan by Miss C. Reeves. Nos. 12 and 30* 

Mucor griseo-cyamis forms a gray turf 15-20 mm. tall on rice 
and a 10-12 mm. gray turf on grapefruit. It has the ability to 
ferment dextrose but can not oxidize tyrosin. 

16. Mucor griseo-lilaciuus sp. nov. 

Forming on bread a dense, mouse gray (Ridgway) turf becoming 
in age tinged with drab, i~i-5 cm. tall; sporangiophores 8-20 /x in 
diameter, at first simple, later with one or two lateral branches 
which are in turn iiimified once to three times (exceptionally 
eleven times) with branches always terminating in a sporangium, 
and with a septum above point of insertion of branch; sporangia 
globose or subglobose, 60-80 /z in diameter (extremes 40-100 /x), 
at first yellowish, becoming dark gray with greenish tinge at 
maturity; sporangitm wall deliquescent, leaving a basal membrane; 
columella free or slightly adnate, globose to subglobose, 27-43 M 
in diameter (extremes 12-67 /x)» tinged lilac gray; spores uniform, 
oval, 4-6 X 3~4/x (a few large, 8X6, 10 X 5 m), pale gray in 
mass; chlamydospores and oidia present in hyphae, chlamydospores 
globular to barrel-shaped, 10-30 /x in diameter; hyphae (especially 
those near the substratum) with a lilac ' tinged membrane and 
often with orange yellow contents] zygospores not found (species' 
presumably heterothallic)., eigs. 6-xo.] X, 
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This niiicor was obtained from tht‘ lollowlng scaircvs: stcTii ol 
dccaycxl giTipe, decaylop: pine ntviWv, I\s(tlIiola cantj^csiris {L,) 
sheep, rodent, and honse dung. Nos. l , 3, 11, 15, 16, 20, and 23. 

The species is charactenTed by its uniform, oval spores, its 
globose to vsubglobose, sliglitly adnate, colinnella and the lilac 
tint in the columellae and hyphae. This color is sometimes darker 
(pale purplish) in the hyphae near the substratum. 

Mucor ^riseo 4 ilacmus forms a dral) gray to light drab (Ridg- 
way) turf, io~20 mm. tall on rice and an 8-19 mm. gray turf on 
grapefruit. It ferments dextrose but does not oxidize tyrosin. 
The cultures on rice exhibit a pinkish buff line (Ridgway) around tlie 
margins of the upper surface of the medium. 

17. Mucor Ramannianus Moeller, Zeitschr. Forst- ii. Jagdw. 35: 

330. 1903 

Forming on bread a dense purplish vinaceous to livid brown 
(Ridgway) turf, 1-2 mm. tall; sporangiophores 2”6 g in diameter, 
simple or with one branch, septate; sporangia gloljose, 20- -35 in 
diameter (extremes 40 /x), red; sporangium wall deliciuesc'ent; 
columella free, globose, 4-10 ju in diameter; spores minute, gloljose, 
subangular, tinged pink, 2-3 /x in diameter; ^^ygospores not found 
(species presumably hetcrolhallic). 

This species was isolated from soil in conifenms woods and 
from decayed carrot. Nos. 2 and 62. Lendner says, “the 
coloration of the sporangia is j)r(:)lxi!)ly diit^ to interstitial sub- 
stance,’' l.)Ut examination of tiu* vSpori.^s witli oil immervsiou has 
shown them to be distinctly tinged with pink. 

Mucor Ramannianus varies but little. On liread and ric'e tlu^ 
height is 2 mm., but on grai'xd'ruit it does not exanxl 0.5 mm. The 
color on rice is [)ale to light l)n)wnish vina(X‘ous (Ridgvvniy) witile, 
on grapefruit it is much brighter, light (,\>rintl’na.n red (l^ldgway). 
This is the only species tested which did not ferment dc‘Xtrose. 
Nor does it oxidize ty rosin. 

18. Mucor spinhscens Lendner, Bull. Herb. Boissier il. 8: 79. 

1908; Les Miicorinees de la Suisse, 89. Berne, 1908 

Forming on bread a dense, fuscous (Ridgway) turf, 1-3 mrm 
tall; sporangiophores S-12 fx in diameter, siiufile, or l)ranched; 
sporangia globose, 74“~9^/^ diameter ■ (a few 50 /x), brownisli 
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black, not transparent, encrusted with crystals about 2 fx long; 
sporanf^iiini wall deliquescent, leaving a large or small basal 
membrane; columella free, oval, pyriform, conical, or elongated, 
mostly oval apiculate, usually with one to five spines (exception- 
ally up to twelve) at the apex, although sometimes smooth, 21-43 
X 14-25 /X, brown; spores globose (a few irregular) , 5"-8 /x (a few 
4 /x) in diameter, dark brown; zygospores not found (species pre- 
sumably heterothallic) . 

This species was collected twice: from soil in greenhouse, and 
on decayed Brazil nut. Nos. 44 and 75. It is closely related to 
Mucor phimbeuSy but differs in its habit of growth (IT 
plumheus is i cm. tall), smaller sporangia, larger and smooth 
spores. 

Mucor spinescefis has never been found to exceed 8 mm. on 
any medium on which it has been grown and usually It is but from 
2-’-5 mm. tall. On levulose and on dextrin gelatin it forms a dark 
brownish gray turf 8 mm. tall. On rice the turf is chaetura black 
(Ridgway) and only 3 mm. tall, while on grapefruit the turf is 
4 mm. tall and fuscous (Ridgway). Fermentation of dextrose 
was obtained and the species is capable of slowly oxidizing 
tyrosin. 


VI. DISCUSSION 

I. Tests for zygospores 

■ With the single exception of Mucor proliferus, zygospores were 
not found in any cultures of the heterothallic species studied. 
This is accounted for by the fact that single wSpore cultures formed 
the starting iioint for the study of every number isolated. Con- 
seciuently it was deemed neccvssary to test the various collections 
of the same and of closely related sfiecies for zygospore production. 
In a preliminary set glucose gelatin was Lused, but in the final 
experiments Blakeslee’s agar, the formula of wliich has bcen^ given, 
w'as used. Petri dishes were inoculated with four numbers of 
rnucors and the cultures were examined when growth had resulted 
in a contact of the hyphae of all the four numbers. With the 
exception of Mucor spinescens^ M. sphaerosporus, and Nos. 9 and 
32 {M. abundans)^ all of the species collected were tested. In all 
about one hundred fifty different pairs of combinations were used,^ 
but the^ results proved negative in every case. 



304 


" Povah: a critical s'pudy of 


' 2. Taxonomic ('haractp:rs 

As has alreaxly been vslated in the taxonomic! dix-ision of the 
work, the author ha,vS disregarded vsonie oi the usage of [)as! ‘writca's 
in the compilation of his key and specific descri|)tions. Hiis has 
been done only after careful consideration and tlie subsequent 
belief that, l,)y so doing, matters might lie simplified and put on a 
surer basis than heretofore. Fischer (1892) regarded the grouping 
of the genus Mucor into sections according to branching “nur als 
eiiie provisorische Ziisammenstellung.” Yet Leiidner (1908), 
Hagem (1908), and Jensen (1912) use the same method of st'para- 
tion, and as a result we find that there is considcra1)le confusion 
and disagreement. To show this more clearly let us consider a few 
casCvS. M'licor strictus Plagem was placed by its author with the 
unbranched forms, but Lendner considers that it belongs in the 
Cymo- Mucor group and places it accordingly. Mucor sphaero- 
sporus Hagem and M, griseo-cyamis Hagem, although clasvsed by 
Hagem in the Racemo-Mucor group, are transferred to the cyinose 
group by Lendner. Mucor hiemalis Wehmer, winch Plagem calls 
a Racemo- Mucor, is held by Lendner to belong to the imbranched 
forms. Mucor silmticus Hagem, placed in the Cynw-Mucor 
group by its author, is transferred to the Ractmo-Mucor group l)y 
Lendner. Thus it appears, not only that the terms racemose and 
cymose, as applied to the branching in' this genus, are interinxded 
by different authors in various ways but also that authors are 
disagreed as to whether forms are to be coUvsidered as simple or 
branched. 

It has been the wi'iterls experience that a mucor whidi mnx'r 
possesses a branched sporangiopliore is a rare cxxmrrence; for a 
careful search of the culture will usually reveal .some liramTes 
which are likely to l:)e overlooked, since they aro near t,he siil> 

, stratum. Lendner (1908, p. 55) points out this difficulty. Prao 
tically it amounts to the necessity of deciding whether or not 
branching, if found, is abnormal. The writer ])elieves tins to be 
too difficult, as His work on the group has proved. Thus this 
means of separation has been avoided in the key and clescriptions 
which this work contains. 

Lendner (/,c.) describes group as follows: “Hie 
filament is early terminated by a sporangium, then liraricLes arise 
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along the principal sporangiophore and never surpass it. This 
group comprises the species usually little branched.’’ The 
Cymo-M'iicor group is defined by him thus: ‘‘There is formed below 
the terminal sporangium a second branch surpassing the first, 
then on this second there arises a third which surpasses the 
second. The insertion of the ramifications is usually alternating; 
as a result there is produced a very characteristic zig-zag ap- 
pearance.” Hagem gives no explanation of his use of these terms, 
but it appears from his figures and descriptions that in some cases 
he departs from the usage of past writers. For example, he 
classifies Mucor sphaerosportis and M, griseo-cyaniis as racemosely 
branched, although his figures show that Lendner follows past 
usage in referring them to the cymose group of Mucor. Thus we 
have confusion arising from opposing conceptions of terms. It 
will be necessary to consider the terms applied to branching. 

According to Sachs (1874), De Bary (1887), Schneider (1905), 
and Strasburger (1912) the two kinds of branching are monopodial 
and dichotomous; Jost (1907), on the contrary, uses the terms 
lateral branching and dichotomy. As we are not concerned with 
the latter we shall consider only the monopodium. 

In the monopodium there is present a central axis with a grow- 
ing point at its apex containing the apical cell. Branching in the 
moiiopodiiim, unlike the process in the dichotomy where a division 
of the apical cell results in a forking of the main axis, takes place 
I)y the development of axillary buds situated near or at some dis- 
tance from the growing point of the stem. These lateral branches 
develop l:)y the growth of apical cells. When the lateral branches 
remain shorter than the persistent main axis a racemose type of 
liranchiiig is evident. When, on the contrary, one or more lateral 
branches exceed the main axis, sometimes even assuming a 
central position, a cymose system of branching results. vSee Sachs 
(1874, P’ ^^3)' This applies in general to the higher plants. 

According to Brefeld (1872), the germination of a sporp of 
Mucor Mucedo, which may be regarded as typical for the genus, 
takes place in the following manner: the spore swells and there are 
produced one or several germ tubes which grow very rapidly and 
soon begin to branch in all directions, so that an irregularly 
much-branched thallus is produced. It should be noted that there 



30G PovAii: A c:RiTirAL study of 

is iio diiTerentiatuJii C)f the plant hotly into a si'iacializi'd af)icai 
cell, such as is fomitl in the liiylicr plants, Hu'it may 1h\ how- 
ever, a correlation l)et\veeii the rela,('ively siinj)l(‘ plant iiody and 
the lack of a fixed l)ranchin^ system. 

Idle veg'etative condition may continue for a lirief period (sr 
indefinitely, depending upon exi')erimen t a! condi t ions. I ' iider 
usual laboratory conditions the vegetative i)eriod is sliort (tw'enty™ 
four to thirty-six hours), and sporangiophores are |)rodiiced as 
perpendicular branches arising from the thallus. In some s|)ecies 
the growth of the sporangiophore stops with the formation of the 
apical sporangium; in other species, after the formation ()f a 
terminal sporangium, growth starts again, with the production of 
a lateral branch from some part of the sporangiophore, and con- 
tinues uiitii a sporangium is formed at the lip of this !)ranch. On 
one hypha or branch the same process may l')e again repeated* 
(De Bary, 1887, p. 46.) 

This account of the development of the sporangio|:)hore ap- 
parently does not harmonize with De Bary’s (18B7) statement 
that '‘both growth and branching* follow the laws which prevail 
generally in the vegetable kingdom.'’ For it may be said that a 
comparison of the development of branching systems in the higher 
plants with those in the genus Mucor shows little similarity 
between them. Although, perhaps, the vS terns and inflorescences 
of the higher plants may be analogous to the sporangiophores 
and sporangia of Mucor, it can vscarcely be maintained that tliere 
exists a homology between them. It api'iears then a^dvisabk; not 
to apply the terms used to describe the hrandnng of higluu* 
plants to the sporangiophores of Mucor, ’Even if tht:j wrilt'r’s 
views on this matter can not be accepted, the im|)n:icticability of 
using the terms is sufficient reason for discarding tliem. 

The charactetvS which experience has proven relial:)le for specific 
determination, are as follows: turf, columella, spores, st)or;ingiiim, 
sporangium wall, and clilamydospores. 'These are given in the 
relative order of their Importance. The height, color, and nature 
of the turf must be considered. Inasmuch as l.he term turf in- 
cludes only the aerial part of the plant, the height of the turf is 
the length of the sporangiophores, and is- expr(‘ssetl eitlier in milli- 
' meters or in centimeters. Contrary to current opinion, tliere is 



CeRTxVIN species of Mucor 


307 


rather a wide range of color in the genus Mucor, varying from 
palest gray (almost white), through yellow and red to dark gray, 
brown, or black. Ridgway (1912) has been used as a color stand- 
ard throughout the work. The nature of the turf is either loose, 
in which case it usually collapses with age, or compact, when it 
remains erect even on the drying out of the culture. 

The relation of the sporangium wall to the columella, as well 
as the shape and size of the latter, is important. The W'Ord 
‘Tree” has been used to designate the condition in wdiich the 
sporangium wall is separate from the columella and is attached to 
the sporangiophore at the base of the columella; whereas the term 
“adnate” has been used in cases where the sporangium wall is 
adherent to the columella at its broadened base. (C/. “nicht 
aufsitzend” or “Hbre” and “aufsitzend” or ‘‘siisjacente.”) In 
some species, especially those having globose or oval columellae, 
the shape is constant; in others a wide variation in shape and size 
of coliimellaeis found. When the latter is true, the small columellae 
are mostly uniformly globose or oval; the large columellae, on the 
contrary, exhibit a strong tendency to a different shape. Thus 
in the descriptions when the shape of the columella is given as 
oval to pyriform” it is to be understood that the larger colu- 
mellae are mostly pyriform. In a few species, for example Mucor 
varians, the columellae are extremely variable and run the gamut 
of all the shapes. 

In a, consideration of the spores the shape and size must be 
noticed, and we find the vspores either uniform or variable. If 
uniform, the shape may be globose, oval, elliptical, etc.; if variable, 
some coml)ination of the above-mentioned shapes together with 
irregular spores, sulireniform, vsubfusiform, etc. 

Wdtliin certain limits the size of the sporangium, is dependable, 
i. e., the sporangia may be large (200-500 u in diameter) or small 
(not exceeding 100 g in diameter and usually 60-80 /x). The wall 
of the sporangium is also im,portant, being either deliquescent, 
rupturing, or persistent. 

A certain group of species of Mucor can be separated from the 
rest by the fact that chlamydospores are present in the sporangio- 
phores. Mucor racemosus and M. sphaerosporus would be in- 
cluded in such a separation of species. ; 
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As bas already been staled, sixty-six rolleciioris ot llie Luauis 
Miicor were made. These were vStiulied eaiadiilly Ironi iiiiilenri 
bread cultures made in the previously deserilHHl manner, and Ironi 
the data obtained they were tal.iulated ac'cording to tlu^ir s|')t;*('ir!(' 
individuality. In this preliminary arrani^'enient twenty~six dil» 
ferent groups were obtained, which, by careful comiiarivsoii, wcui* 
reduced to twenty-four groups. Nine of these aggregates weias 
after a careful study, referred to four species, three of which were 
undescribed. Thus the sixty-six collections of Afucor were dis- 
tributed through eighteen .species. 

In Table I two species, Glomerula repem and Zygorhynchus 
Vuillenvini, have been excluded from Mucor, although Lendner 
includes both ZygorhyncJius and Glomerula in that genus. lk‘ ex- 
amined specimens of the former only. A study oi ^G^onwruhi 
repens, from two separate collections, has convinced the writc*r 
that this species can not be placed under the genus 'Mucor l)e- 
cause the hyphae may serve as stolons. For example, if the 
tip of a hyplia touches the wall of the culture container, a 
cluster of rhizoid-like hyphae is formed, and often from this 
duster sporangiophores are developed. Moreover, the general 
habit of growth is unlike that of the species of Mucor. An, in- 
crease in lack of sporangia production often results in a cotlony, 
deiivSe, sterile mass of buff mycelium. Zygorhynchus, on account 
of its unequal siispensors, not to mention its very slight production 
of sporangia and abundant zygospore formation, should, in tin* 
writer’s opinion; lie kept UvS a separate genus. 

3. Experimental 

The experiments, in so far as their original |")ur|’)ose is conc'enied 
proved almost entirely negative. It was thought that, striking 
cultural results might lie obtained from the experiments which 
.might form the basis for a physiological separati(,)n of species. 
Little of this kind was observed. On the contrary, the ex|ieri- 
nients showed that the genus Mucor is compovsed of a iihx'sio 
logically close group of species, exhibiting only minute cultural 
variations. Sometimes these dijfferences were correlated with 
species,' but sometimes they occurred sporadically. A concrete 
example of this latter phenomenon was the I'lrodiiclion of a yellow 
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color in or on the substratum. This was obtained on bread , on 
rice, and in maltose-peptone-ty rosin solution. It probably rep- 
rt'scnt.s the storing up of exccvss food material, as a microscopic 
examination showed the color to be due to yellow globules in the 
liyphae; moreover, this color production occurred only in cultures 
wfidi abundant food supply. 

The results of the experiments with carbohydrates plus as- 
paragin, on the one hand, and mineral salts (including ammonium 
nitrate), on the other, which show that the mucors grow much 
better in the first case than in the second, may, it is believed, offer 
some indication as to the reason why complex media (rolled oats, 
bread, rice, cornmeal, etc.) are better than simpler media. 

Fermentation is, apparently, a more widespread process in 
this genus than has hitherto been supposed, knowledge of the 
forms which can produce this phenomenon being limited to some 
twenty species. Wehmer (1907) has given a clear and concise 
summary of the w^'ork published on the subject. The writer’s 
results, positive except in one case, have added twelve species to 
the list. 

Hagem (1910) found that tyrosin was oxidized by several 
species of Mucor and Rhizopus^ with the production of a red or 
reddish brown solution. He thinks that this 'change is brought 
a 1 )oiit by the enzyme tyrosinase. In the cases of Mucor sirictus, 
M, silvaiictis, M, phmbeus the color was pale red, in M, racefnosus 
and M. chrisHaniensis, dingy brownish red, but in Rhisopus 
nigricans and R, nodosus the vsolution wms dark red. The writer's 
exi)eriments showed that the .solution was colored dark reddish 
lirown, with the formation of a dark brown precipitate, by Mucor 
^fiseosporus and If. coprophilus. In the case of Mucor proUferus^ 
M, spinescens, and M. plumbeus the solution was pale l:)rown and 
a l)rowirLsh black precipitate was observed. .With Glomerula 
repens a brownish tinge to the solution was obtained, while the 
aerial growth was distinctive in that it was pinkish buff (Ridgway). 

The objection might be raised that bread is a variable substance 
and therefore is unsuitable for a standard culture medium. A 
comparison of cultural results obtained, during the past three 
years, with bread obtained from ' different sources has proven this 
objection negligible. , The. bread used is the ordinary baker’s 
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white liread, such as is readily olitaiiuible at any grocery store. I ( 
is thought that the use of bread is vsiinpler than cm|)loying sucli 
complex media as Lendner’s '‘moiit gelatinise.’^ 

Vn. SUMMARY 

1. From over one hundred collections, thirty-seven species 
representing fourteen genera of the Mucorales have been obtained. 

2. After having tried various substances, bread was adopted 
as a standard culture medium for taxonomic purposes. 

3. The carbohydrates with regard to their availability as a 
source of food supply for the mucors, as exhibited by their growth, 
may be arranged as follows, the best being given first: levulose, 
dextrin, glucose, lactose, maltose, inulin, and saccharose. 

4. Organic nitrogen compounds are better than ammonium 
nitrate. 

5. Seventeen species of Mucor were found capable of fermenting 
dextrose-peptone solution. 

6. Mucor griseosporus and Mucor coprophilus can oxidize 
ty rosin in a maltose-tyrosin-peptone solution, with the production 
of a red coloration of the solution and the formation of a dark 
brownish black precipitate. 

7. The terms racemose and cymOvSe should not be employed 
to describe branching in this group, because of the confusion which 
has arisen tlirough their use, not to mention the lack of homology 
between a sporangiophore and a branch of one f)f the higher plaids. 

8. vSixty-vsix collections of the genus Mucor have l)cen stii(li(‘d 
in great detail under uniform conditions in standard liri'ad cub 
tores, and they have been referred to nineteen species, six of wliicli 
are new: Miicor griseo4ilacinu$, M, varians^ M, coprophilus, 
M. aromaticMs, M, griseosporus, and ikf. almndans, 

Cryptogamic Laboratory, 

University of Michigan 
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Bacplaiiatloii of plates A7“20 

Plate 17 

Mucor ahundans Povah- i. vSporangiophorcs showing various kinds of branching, 
about natural vsize. 2. Upper portion of sporaiigiophorc showing branch detail, 
X350. 3* Lower portion of sporaiigiophorc, X170. 4. Coliimcllae, X3S0. 5. 

Spores, X350. 6. Chlamydospores from within substi'atum, X7S. 

Mucor aromaticus Voyidh, 7. Columellae, X170. 8. Swollen branched apex of 

sporangiopliore, X7S. 9. Almost mature sporangium, X170. 10. Spores, X170. 

II. Sporangiophores about three fourths natural size. 

Plate 18 

Mucor griseosporus Povah. i. Sporangiophores about one half natural size. 
2. Portion of sporangiopliore showing detail of branching, X170. 3. Lateral 

sporangium, X7S- 4- Columellae, X170. 5. Spores, X350. 

Mucor griseo 4 ilacmus 6. Sporangiophores, X 3- 7. Portion of spor- 

angiophore showing insertion of branch, X170. 8. Apex of sporangiopliore, 

X170. 9. Columellae, X170. 10. Spores, XsSO- 

Plate 19. 

Mucor coprophilus Povah. i. Sporangiopliore, about one half natural size. 
2. Columellae, X170. 3. Lateral deciduous sporangium, X350. 4* Spores from 
small lateral sporangia, X3S0. 5. SporevS from large terminal .sporangia, X350. 

Mucor proUfeyiis Schostak. 6, 7. Formation of gametes, X7S. 8. Union of 
gametes, X75. 9. Immature zygospore, X75* to. Mature zygospore, X170. 

Plate 20 

Mucor varians Povah. 1. Sporangiophores, X2. 2. Columellae, X350. 3. 
Spores, X350. 4- Apex of sporangiopliore, X 75 * 5- Proliferation of sporangio- 
phore, X75. 6. Proliferation of columella, X75- 

Mucor hiemalis Wehmer. 7. Sporangiophores, X 2. 8. Portion of sporaiigio- 
phore with branch insertion, X350. 9. Columellae, X350- to. Spores, X35t)* 
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Some noteworthy lichens from Jamaica 

Lincoln W. Riddle 
(with plate 21) 

In the vspring of 1912, Dr. Joseph A. Cushman, Assistant 
Curator of the Boston Society of Natural History, collected in 
the Island of Jamaica, in the West Indies, a set of lichens repre- 
senting 109 species and varieties. A study of these has resulted 
in the discovery of two new species and of a number of other 
species of sufficient interest to be worthy of record. To the dis- 
cussion of these species has been added a revision of the American 
species of Megalospora^ four of which occur in Jamaica. A com- 
plete set of tlie lichens collected by Dr. Cushman has been de- 
posited in the herbarium of the Boston Society of Natural History. 

NEW, SPECIES 

I. Btiellia rinodinospora Riddle, sp. nov. 

Thallus epiphloeodes crustaceus uniformis effusus hand 
limitatus, albidus vel cinerascenti-albiclus subnitidus, crassitudine 
mediocris, inaequalis partim rimulosiis partim ,, rimoso-areolatiis 
et, demum diffractus; KOH flavovseens; hypothallo nullo. Apo- 
thecia mediocria, 0.5-1 .0 mm. lata,, subelevata, nitida, primum 
concava demum plana vel satis convexa, rotunda regularia; disco 
scabro, 'iiudo, castaneo vel fusco-nigricante nunquam atro; margine; 
'proprio nigro^ persistente, , primum crasso integro demum tenue 
crenulatqt '’^pithecio fulvo; hymenio, decolore, circ. i8om, altit.; 
excipulo 'Ot hypothecio fusco-nigricante. Asci' 8-spori, '^Sporae 
f'uscae oblongae,' sat uurvatae, • biloculares , ,placodiomorphae, 

[Tiie BlJLLBJTtN: for June (44" pL 13, i 9 i 7 *l 
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ulis poro confliientibiis, 36-50 X 15-20 ju. [Plate 21, fics. i, 

On bark, Newcastle, Jamaica, March 1912, /. A. Cushman 

This species is distinct from all other BuelUas in the large size 
1 polar-bilocular character of the spores. Wainio (Act. Soc. 

. Fenn. 7: 172. 1890) describes a Btiellia placodiomorpha 

h a similar type of spore but with four cells and reaching a size 
only 19 X 10 /x. From species of Rinodina, this new species 
i be distinguished by the apothecia being of the lecideine type 
her than the lecanorine. 

CModecton (Sect. Enterographa) leiostictum Riddle, sp. nov. 

Thallus crustaceus crebre contextus iiniformis effusus, linea 
ra limitatus, albidus vel demum sat sordide ochroleucus opacus, 
.ssus (0.15-0.2 mm. crassit.) rimuloso-areolatus ; KOH intense 
i^escens dein rubescens ; hypothallo nullo. Apothecia numerosis- 
la, thallo immersa, punctiformes rotundata vel siibdifformia 
id elongata, minuta, 0.12--0.16 mm. lata, seriata imiserialia 
interdum serie ramosa disposita serialibus rectis vel flexuosis, 
t rarius partim irregulariter aggregata; disco atro parum prui- 
50 dein nudo, piano, superficiem thallo aequante; margine dis- 
dto nullo ; epithecio fuligineo-nigro; amphithecio supra fiiligineo- 
,T0 infra decolore; hypothecio decolore; hymenio decolore, loo- 
altit. Asci 8-spori. Sporae decolores anguste oblongae, 
I loculares loculis cylindricis vel satis rotundatis, 20-30 X 4“*6 
fonae 4-5 ju crasso indutae. [Plate 21, figs, 3, 5.] 

' On old decorticated wood, A^ontego Bay, Jamaica, March 1912, 
A, Cushmafi 15. 

(In 1886 (Flora 69: 104), Nylander published a list of the 
taphidaceae collected by Chcirles Wright in Cuba. The list 
eluded many new speciCwS which were given merely as nomina 
For most of these no descriptions were ever published, 
species just described was named by Nylander (/.c.) Stig- 
mtidium leiostictum. Through the courtesy of Professor Farlow, 
been able to make a microscopic examination of original 
^terial of Wright’s Graphideae Cubanae No. 157, cited by 
■ander, and it has proved to be identical with the specimens 
by Dr. Cushman in Jamaica. Species of Chiodeetdn 
Enterographa with, spores more than four-celled are Nom- 
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paratively few in number, and among these Ch. leiostichifn is 
distinct in the serial arrangement of the punctiform apotliecia. 

NOTEWORTHY SPECIES NOT PREVIOULSY RECORDED 
FROM JAMAICA 

1. Anthracothecium ochraceo-flavum (Nyl.) Muell Arg. 

Linnaea 43 : 44. 1880. 

Vermcaria ochraceo-flava Nyl. Expos. Pyren. 50. 1858. 

On bark, Montego Bay, J. A. Cushman 122. Known else- 
whei'e from Cuba, Mexico, Colombia, and the East Indies. 

2. Heufleria sepulta (Mont.) Trevis. Flora 44: 23. 1861. 

Astrothelium septtUum Mont. i/\.nn. Sci. Nat. Bot. II. 19: 74. 

1843. 

On bark, Mandeville, /. A. Ctishman 152. Known elsewhere 
from Cuba, Guiana, Brazil, and Peru. 

3. Laurera gigantospora (Muell. Arg.) Zahlbr.; Engler & 

Pranti, Nat. Pflanzenfam, F*: 71. 1903. 

Bathelium gigantospomni Muell. Arg. Bot. Jahrb. 6 : 394. 1 885. 

On bark, Mandeville, /. A, Cushman 44, Known previously 
from the original collection only, made by Charles Wright in Cuba; 
but closely related and perhaps not wSpecifically distinct from 
Laurera megaspermum (Mont.) Riddle, comb. nov. (Trypethe- 
Hum megasperm%m Mont. Ann. Sci. Nat. Bot. II. 19: 68. 1843), 

which is known from Cuba, Guiana, and Brazil. 

4. GraphinA’ chrysocarpa (Raddi) Muell. Arg. Flora 63: 41. 

1 880. 

Opegrapha chrysocarpa Raddi, Atti Soc. Ital. Sci. 38 : 34. 1820. 

On bark, Mandeville, /. A. Cushman 4g. A striking species 
known elsewhere from Porto Rico, Costa Rica, Colombia, and 
Brazil. 

5. Graphina platygrapta Muell Arg. Flora ’71: 495. 1888. 

On bark, Mandeville, /. A. Cushman 54. This species was 

based on material collected by Sintenis in Porto Rico, and hitherto 
has been known from the original collection only. Owing to the 
war, I have been unable to see the 'type, but, the species has" such 
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distinctive characters, and Mueller- Argaids description applies 
so well to Dr. Cushman’s specimens, that there can l^e no doubt 
as to the identity of the two. G, platygrapta belongs to the 
section Platygmphopsis (see Plate 21, figs. 2, 6). The original 
description gave the spore-measii remen ts as 150 X 30 /x. I find 
that they vary from 150-180 X 30-50 jjt. An examination of 
Wright’s Graphideae Cubanae No. 4, labelled with a manuscript 
name of Nylander’s in the Tiickerman Herbarium, proves that 
it is the same as Dr. Cushman’s Jamaica specimens. This species 
is, therefore, now known from Cuba, Jamaica, and Porto Rico. 

6. Phaeographina quassiaecola (Fee) Miiell. Arg. Mem. Soc. 

Phys. Hist. Nat. Geneve 2g^: 47. 1887. 

Thecaria quassiaecola Fee, Essai Crypt. 97, pL /,/. 16, 1824. 

This is a striking and peculiar species in which the prominent 
apothecia vary from elongated-lirelliform to oblong and even 
entirely circular. Occasional specimens occur with all the apo- 
thecia circular, and such specimens would easily be mistaken for a 
Gyrostomum. Miieller-Argau says {op, cit. 48) that Fee’s citation 
of the type-locality as '‘America” must have been a mistake as the 
original specimen in Fee’s herbarium came from Madagascar. 
And hitherto the species has been recorded from the Old World 
only: from tropical Africa, Ceylon, New Caledonia, and Australia. 
But it appears to be sufficiently common in Jamaica, as I have in 
my herbarium the following specimens from that island:' — Maiicle- 
ville, March, 1912, /. A. Cushman ^^2; also January, 1909, A, E. 
Wight 66; near Troy, September, 1906, Elizabeth G. Britton &f 
Delia IF. Marble 26y; also June, 1909, A, E. Wight 140(1^ 202, 20S. 
Furthermore, the specimen of Wright’s Graphideae Culianae No. 

7, in the Tuckerman Herbarium, proves to be this species, having 
been incorrectly determined as ''Graphis scalptiirafa var. plurifera 
Nyl,” which is a synonym of Phaeographina caesiopruinosa (F6e) 
MiielL Arg. Both Fh, scalpturata and Ph. caesiopruinosa belong to 
the Section Eleutheroloma, in which the amphitheciuni is black at 
the sides only and colorless beneath; while P. quassiaecola belongs 
to the Section Pachyloma, in which the amphitheciuni is completely 
black and very thick at the base. With the correct identification 
of this Cuban specimen, we have three stations for the species in 
the West Indies. 
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7. Lecanactis premnea var. plurilocularis (Ny!.) Riddle, comb, 
nov. 

Lecidea plurilocularis Nyl. Ann. Sci. Nat. Bot. IV. 15 : 49. 1 861. 
On bark, Montego Bay, J. A. Cushman 6p. Known elsewhere 
from Cuba, Colombia, Peru, New Caledonia, the East Indies, and 
India. 

8. OcelMaria cMonostoma (Nyl.) Riddle, comb. nov. 

Thelotrema cMonostoma Nyl. Ann. Sci. Nat. IV. 19: 329. 1863. 

On bark, Montego Bay, J. A. Cushman 106, Known pre- 
viously from the original collection only, made by Charles Wright 
in Cuba. 

9. P.HAEOTREMA PLATYCARPOIDES (Tuck.) Muell. Arg. Flora 69: 

311. 1886. 

T}ielotrem>a platycarpoides Tuck. Proc. i\m. Acad. Arts Sci. 6: 
270. 1864. 

On bark, Montego Bay, J. A. Cushma7i 80, Known previously 
from the original collection only, made by Charles Wright in Cuba. 

10. Lopadium castaneum (Mey. & Plot.) Riddle, comb. nov. 
Lecanora subfusca var. castanea Mey. & Plot. Nova Acta 

Acad. Caes, Leop. Carol. 19 (suppl. i): 224. 1843. 

On bark, Newcastle, J. A. Cushman 2q. Known elsewhere 
only from Brazil. 

11. Pertusaria verrucosa (Fee) Mont. Ann. Sci. Nat. IL 19: 

78. 1843. 

T rypethelium verrucosum Fee, Essai Crypt. 66 . ph 18 J. j . 1 824. 
On bark, Newcastle, /. A. Cushmmi 26, and Mandeville, 
A> Cushman 50, Known elsewhere from Guadelouiie and 
Guiana. 

12. Ramalina peruviana Ach. Lich, Univ. 599. 1810. 

This species seems to be common in Jamaica. I have the 
following specimens in my herbarium: Mandeville, A, E, Wight 
P 5 , g6; Elizabeth G, Britton 437; J. A, Cushman 47; Catadupa, 
/. A, Cushmun 14. I have compared one of the specimens col- 
lected by Wight with the type-specimens of Acharius in the Bo- 
tanical Museum at Helsingfors, Finland, and the determination is; 
certain. Known elsewhere from Porto -Rico and PeruvbLi,, \ ; 
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MEGALOSPORA 

In an eiiiiraeration of Jamaica lichens in. May, 1912, I described 
ill Mycologia (4: 129) two new s|)ecies of MegoJospora: M, Cum- 
mmgsiae and if. jamaicensis. The following autumn, I had an 
opportunity to study all of the material of this genus, including a 
number of authentic specimens in the collection of Mueller-Argau, 
at the Boissier Herbarium, Chambesy, Switzerland. This led me 
to a detailed study of the principal species and as four of these 
occur in Jamaica it will not be out of place to present, herewith, 
the results of this study'. Two of the species are variable but 
with well-marked varieties, tvhich have been recognized by 
various authors and are certainly worthy of varietal names. 

The genus Megalospora was established by Meyen and Flotow 
in 1843 (Nov. Act. Acad. Caes. Leop. Carol 19 [vSiippl. i]: 228), 
with if. stilphurata as the type-species. The species were included 
under Lecidea by Nylander; under Patellaria by Mueller-Argau; 
and under Heterothecium Sect. Psorotliecium by Tuckerman. But 
in accordance with current ideas of the value of spore-characters 
in the classification of crustOvSe lichens, Zahlbruckner (in Engler- 
Prantl, Nat. Pflanzenfam. 134. 1905) has revived Megalo-. 

spora as a distinct genus, distinguivshed from the other Lecideaceae 
by the thick-walled, two-celled spores of large size. The common- 
est species is the variable if. versicolor (FY^e) Zahlbr., of which 
many of the other proposed ‘hspedes” are synonyms or varieties. 

The following key and citations of species and synonymy will 
serve to summarize the results of my study of the American 
species and varieties of Megalospora. 

A. Growing on evergreen leaves 5. M, premneella 

x\A. Growing on the bark of trees. 

B. Spore.s straight (Plate 21, figs. 9, lo). 

C, Thallus more or less straw-colored, apothecia with fulvous disk and 

straw-colored margin., .1. M, sulphur eoruf a 

CC. Thallus ashy or whitish, apothecia variously colored, but the margin 
never straw-colored (2. M. versicolor). 

D. Margin white or pallid, contrasting with the fulvous, aeriiginous, 

or black disk 2b. M. versicolor var. livido-cincta 

DD. Margin concolorous with the disk or nearly so, at least not pallid. 

E. Apothecia variously colored; carneous, fulvous, aeruginous, 
or black, regular in form, and rarely over 1.5 mm. diam. 

2a. M versicolor var. ■ dichroma 
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EE. Apothecia black and difform, reaching 3 mm. diain. 

2c. M. versicolor var. major 


BB. Spores curved. 

C. Thalliis smooth or granular, but not sorediate; spores 50-65 X 28-35^? 
reniform, the individual cells little longer than wide (Plate 21, fig. 


?•) 


(3. M. sulphur ata) 

D. Thallus smooth or nearly so, apothecia 1.5-3 diam. 

E. Apothecia bay-brown to dark chestnut-brown, blackening 

only when old 3(2. M. sulphur aia var. genuina 

EE. Apothecia always black. . . .36. If. stilphurala var. fiigricans 
DD. Thallus granular-uneven, apothecia 3-6 mm. diam., blackening. 

3G M. snlphurata var. megacar pa 
CC. Thallus verrucose, granulate, and powdery-sorediate; spores 70-125 
X 20-30 fjL, the individual cells about twice as long as wide (Plate 
21, FIG. 8) 4. M, Cummingsiae 


1. Megalospora sulphureomfa (Nyl.) Riddle, comb. iiov. 
Lecanora sulphur eoruf a (Nyl. Bull. Soc. Linn. Norm. 11 . 2: 69. 

1868. 

Megalospora jamaicensis Riddle, Mycologia 4: 129. 1912. 

Jamaica: Newcastle, /. A. Cushman 24; without definite 
locality, Clara E. Cummings ij8, 142, 

At the time that M . jamaicensis “was published, I was sure that 
there was no American species to which the specimens so named 
could be assigned. But while working at the Boissier Herbarium, 
I found an authentic specimen of the plant called Lecanora suL 
phureorufa NyL, bavsed on three collections from two islands, 
New Caledonia and Lifu, situated between the Fiji Islands and 
Australia. This proved to be identical with my material from 
Jamaica. This is a remarkable distribution, and as the species is 
a conspicuous one, it seems extraordinary that it should never have 
been collected in South America, if it occurs there. 

2. Megalospora versicolor (Fee) Zahlbr.; Engler & Prantl, 

Nat. Pflanzenfam. 134. 1905. 

Lecanora versicolor Ffe, Essai Cryptog. 115. pi, 28^ f, 4. 1824. 

This species occurs in three varieties worthy of receiving 
names, as follows:: — 

2a, Megalospora versicolor var. dichroma (F^e) Riddle, comb, 
nov. 

Lecidea dichroma F6e, Bull. Soc. Bot Fr. 20: 319. 1873. 

According to an authentic specimen in the ^Boissier Herbarium! 
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Lecidea incondita Krempelh. Flora 59 * 3^6. 1876, This was 

based on the same collectiou from Brazil {Glaziou 55 ^^) F^e's 
species. 

Lecidea versicolor var. vigilans N^d. Act, Soc. Sci. Fenti. 7:461, 
1863 (ill greater part) . N ot Lecanora vigilms Taylor, London J onr. 
Bot. 6: 139. 1847! The type of Taylor’s vspecies is in the her- 

barium of the Boston Society of Natural History. There are 
two specimens, one from Mauritius and the other from Peru. But 
they represent two different species, and as the Mauritius speci- 
men, which is cited first in Taylor’s original description and 
should, therefore, be considered the actual type, is a species of 
Bombyliospora^ the name vigilans Taylor can not be used in con- 
nection with Megalospora versicolor, even though the specimen 
from Peru belongs to that species. As the name vigilans has been 
used as a varietal name for both Megalospora versicolor and M. 
stdphurata, and is actually a Bombyliospora, it will make for clear- 
ness to drop it altogether. 

According to Fee’s original description of Lecanora versicolor, 
the var. dichroma corresponds to the typical form of the species, 
with the apothecia characteristically variable in color; but there 
is a tendenc}^ toward darkening, and the specimens having all 
the apothecia entirely black, but still small and regular, as is 
frequently the case, are to be considered merely as mature plants 
of this variety. 

Jamaica: without definite locality, Clara E. Cummings 151, 
153; also in Merrill’s Lich. Exsic. No. 230. 

Specimens examined from Cuba, Porto Rico, Mexico, Costa 
Rica, Colombia, Venezuela, and Brazil (spec, aiithentd); recorded 
also from Australasia and from Africa. 

2b , Megalospora versicolor var. livido-cincta (MiiclI. Arg.) 

Riddle, comb, nov. 

Patellaria Uvido-cincta Muell. Arg. Flora 64: 227. 1881. 

Palellaria versicolor var. livido-cincta Muell. Arg. Bull. Soc. 
Roy. Bot. Belgique 32: 141. 1894. 

Specimens examined from Mexico, Costa Rica, and Brazil 
(type!). , 
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2 c. Megalospora versicolor var. major (Waiiiio) Riddle, comb, 
nov. 

Lecidea versicolor var. mo/or Wainio, Act. Soc. Sci. Fenn. 7‘b 
36. 1890. Authentic specimen examined from Brazil! 

3. Megalospora sulphurata Mey. & Flot. Nov. Act. Acad. 

Caes. Leop. Carol. 19 (suppl. i);228. 1843. 

The species is represented in America by three varieties, as 
follows : — 

3a. Megalospora sulphurata var. genuina Riddle, nom. nov. 

Patellaria sulphurata var. vigilans Miiell Arg. Flora 69: 2 88. 
1886. Not Lecanora vigilans Taylor (compare discussion given 
above under M. versicolor var. dichroma). 

Apothecia primum pallida vel rufescentia vel tandem sub- 
nigrescentia. 

According to an authentic specimen in the Boissier Herbarium, 
these are the characters of the original type-form of Meyen and 
Flotow. 

Jamaica: Gordon Town, 1884, J. Hart. 

Specimens examined from Mexico, Colombia, Brazil, and the 
Philippines (spec, orig. !). 

36* Megalospora sulphurata var, nigricans (Muell. Arg.) Riddle, 
comb. nov. 

Patellaria vigilans var. nigricans Muell. Arg. Flora 64: 227. 
1881. 

Specimens examined from Mexico, Venezuela, Brazil (type!), 
and Australia. 

Megalospora sulphurata var. megacarpa (Nyl.) Riddle, 
comb. nov. 

Lecidea megacarpa Nyl. Ann. Sci. Nat. IV. 11 : 260. 1859. 

Specimens examined from Costa Rica, Brazil, Ceylon, and 
Mauritius (spec, authent.l). 

4. Megalospora Cummingsiae Riddle, Mycologia 4: 129. 1912. 

Jamaica: without definite locality, Clara E. Cummings i2g 

(type!). Endemic. 
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5. Megalospora premneella (Miiell. Arg .) Zalilbr.; Engler & 
Prantl, Nat. Pflanzenfam. 134. 1905. 

Patellaria premneella Muell. Arg. Lich. E^piphyll. 5, 1890. 

Specimen examined from Brazil (type!). Endemic. 

l5xplaiiatioii of plate Z± 

All figures were drawn with a camera -1 ucida: Figs, i, 2, and 3, at a uniform mag- 
nihcation of 41 diameters; Figs. 4-10, at a uniform magnification of 385 diameters. 
The plate has been reduced approximately one half in reproduction. Brown or 
black coloration is indicated by stippling. 

Fig. I. Vertical section of apothecium of Biiellia rinodhios pora Riddle. 

Fig. 2. Vertical section of apothecium of Graphina platygrapta Muell. Arg. 

Fig. 3. Vertical section of apothecium of Chiodeclon leiosticlum Riddk‘, 

Fig. 4. Spores of Buellia rhiodinospora Riddle. 

Fig. 5. Spore of Chiodectott Iciostictum Riddle, with mucous envelope. 

Fig. 6. Spore of Craphma platygrapta Muell. Arg. (the celfs semi-diagrammatic). 
Fig. 7. Spores of Megalospora sulphtirata Mey. & Flot. 

Fig. 8. Spores of Megalospora Ciimmingsiae Riddle. 

Fig. 9. Spores of Megalospora versicolor (Fee) Zahlbr. 

Fioi 10, Spores of Megalospora sulphureorufa (Nyl.) Riddle. 


/ 



A middle Eocene Goniopteris 

Edward W. Berry 
(with plate 22) 

The following new species, based upon rather extensive and 
well preserved material from the middle Eocene of oiir southern 
states, seems worthy of vSpecial notice. It is referred to the poly- 
podiaceous genus Goniopteris Presl, as amended, and it is hoped 
that the present note will have some influence with students of 
living ferns in hastening the much to be desired segregation of the 
unwieldy and more or less unnatural genus Dryopteris, in which 
Goniopteris is often included. 

Goniopteris claibomiana sp. nov. 

Fronds of large size, probably bipinnate, with a stout promi- 
nently winged rachis. Pinnae alternate to subopposite, often 
prevailingly subopposite. Pinnae shortly stipitate, of large size, 
linear-lanceolate in outline, averaging between 10 cm. and 15 cm. 
in length by i.5-“3.5 cm. in maximum width, tapering to an ex- 
tended, attenuated, acuminate tip. Pinnae variable, normally 
not entirely segregated into individual pinnules but piiinatificl, 
the margins being separated into dentate, inequilateral segments 
with upwardly directed points and narrow, inequilateral sinuses 
extending one fourth to one third of the distance to the stipe. 
Pinnae sometimes but slightly pinnatifid with short, conical 
segments, the sinuses extending only one seventh of the distance 
to the stipe; sometimes deeply pinnatifid, the sinuses extending 
about half way to the stipe. Basal proximal pinnule often free 
and entire. 

The three types of marginal lobulation are correlated with 
three types of venation, although naturally the three are con- 
nected by every intermediate gradation. These types will be 
described after describing what I have called the normal type. 
This is the type that agrees in its more important particulars with 
that type familiar in Tertiary ferns and referred by paleobotanists 
to the more or less interrelated and synonymoas genera Lastrea, 
Phegopteris and Goniopteris, It is a type met with in modern, 
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mostly tropical, ferns, \'ariously segregated or aggregated by 
students of existing ferns in the genera Lasfrea, Nephrodium, 
Phegopteris, Polyhotrya and Dryopteris. 

Christensen, perhaps the foremost living fern sliident, enu- 
merates upwards of one thousand existing species which he refers 
to Dryopteris. These are segregated into ten groups termed 
subgeiiera, although most of them are admittedly of generic rank. 
These groups of species are named Eudryopteris, Siigmatopieris, 
Cieniiis, Lastrea Bory (emended), Glaphyropteris Presl, Siciropteris, 
Cyclosorus Link (emended), Leptogra?nma J. Sm., Goniopteris 
Presl (emended), and Meniscium (Schreber). 

The fossil species here described belongs to this author’s ninth 
sii]:)geniis, the emended Goniopteris of Presl, which I am recog- 
nizing as a valid genus, since the data which paleobotany furnishes 
to recent botany are obscured by the use of generic names that 
denote composite aggregations of living species like so many of the 
fern genera in Die Nattirlichen Pflanzenfamilien. Goniopieris as 
delimited by Christensen* has about three score, mainly American 
tropical species, although it is represented in the Old World by at 
least two species of Africa, Asia and Australia. It is an eminently 
natural group that has evidently inhabited southeastern North 
America since the middle Eocene. 

The present type belongs with those fossil forms characterized 
by a single well marked lateral running to the tip of each lateral 
lobule and these laterals are more often opposite or sul)oj:>posite 
than alternate. Each lateral diverges from the midrib of the pinna 
at an angle of about sixty degrees and gives off, alternately proxi- 
mad and distad, simple branches, averaging about eight to ten to 
a side. The basal distal tertiary of one lateral unites with the 
basal proximal tertiary of the adjacent superior lateral somewhat 
above the median point between the two laterals. This united 
vein, termed a ray by Ettingshausen, proceeds in a flexiious course 
to the marginal sinus, uniting alternately with the distal and 
proximal tertiaries from the adjacent laterals. In the marginal 
lobe there are several simple and free tertiaries, usually three or 
four running to the distal margin and four to six running to the 

* Christensen, Carl On a natural classification of the species of Dryopkris. 
Biologiske Arbeijcler Tilegnede Eug. Warming, 73-85. N 19x1. 



Berry: A middle Eocene Goniopteris 


longer because more arched proximal margin. This type of vena- 
tion is the prevailing type in the specimens collected and is shown 
in Fi(x. 3. 

The pinnae with the reduced marginal lobulation have an 
essentially similar venation to that just described. The laterals 
are more nearly at right angles with the midrib and the tertiaries 
number ten or eleven, alternating, rather straight pairs; those from 
adjacent laterals uniting midway between to form a ray that is 
rather straighter than in the previous case. Each ray terminates 
at a sinus and there are usually three pairs of free simple veinlets 
in each lobule, although tw'o or four pairs may be present at times. 

In the pinnae that are deeply pinna tifid, the venation, while of 
the same general plan as in the preceding cases, varies in certain 
rather remarkable particulars which serve to distinguish the 
present form from all other previously described fossil species. 
Only one, two or three tertiaries from each adjacent lateral are 
concerned in the formation of a principal ray that runs to the sinus 
of the margin, and one or the other of these tertiaries may fork, 
the branch uniting with a branch from the next tertiary, the 
resultant subsidiary vein or ray uniting with the principal ray 
near the sinus, the two enclosing a laterally elongated rhomboidal 
areola. The free veinlets are only from one to three terminal 
pairs; all of the other tertiaries are at least once forked at a greater 
or less distance above their base, each limb of the fork uniting with 
a corresponding fork of the next adjacent tertiary, the rcvsnlting 
ray running directly to the margin. This is the Goniopteris- 
Aspidii type of venation of ETtingshausen's Farnkriiuter der 
Jetzwelt (1865). 

The venation of this type is still farther complicated by the 
frequent presence of a very fine subsidiary branch from one or the 
other forks of a tertiary, and this fine branch runs directly to the 
margin. This type of venation is .shown in Fig. 4. 

The principal intermediate type is one in which only a few of 
the forks of the tertiaries unite with their adjacent fellows from 
the adjacent tertiaries to form a ray, the majority of the tertiaries 
being simply once forked with both branches of such forks ter- 
minating in the margin. 

, This handsome and characteristic species us common 'ip the 
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clays of the Yegua formation at Coliiml')ia, Louisiana, occurring 
also in the sandy cla^'^s of the Lisbon formation near New too ^ 
Mississippi, but none of the collected material is in fruit. The 
form and venation are so well marked and distinctive, however, 
that the species is at once correlated with the rather abundant 
Tertiary type that, under the name of Goniopteris, Lastrea or 
Fhegopleris, is so characteristic of the fern floras of that time. It 
is at once distinguished from all of these by the peculiar venation, 
otherwise it show’-s the same habit, wnnged rachis and outline as, 
for example, Lastrea stiriaca Heer* of the European Oligocene, 
described originally by Ungerf as Polypodites, referred to Goniop- 
teris by Alexander BraunJ and to Phegopteris by Ettingshausen.§ 
There are at least fifteen known Tertiary species of this general 
type, most of which are European, although several have been 
recorded from American localities. Most of the foreign material 
is somewhat younger than the present species, although two dif- 
ferent forms have been described from the middle Bagshot beds 
of southern England, a nearly homotaxial (Lutetian) horizon. 

Several early Eocene species have been recorded in this country 
from the Rocky Mountain region. In addition to the differences 
in venation previously referred to, Lastrea intermedia LevSquereux|| 
from the Denver formation has the pinnae decurrent on the main 
stipe; Lastrea Goldiana Lesqueretix^ from the same horizon has 
crenulate and deeply divided margins and simple tertiaries; the 
form from Sand Creek, Colorado, referred to Ettingshausen/s 
Monte Promina species Lastrea polypodioides'^'^ ^ has a denticulate 
margin and simple tertiaries. The form from the lower Eocene 
of Oregon identified by Newberry as Lastrm Knightiana]] and 
commonly referred to the European early Miocene species 
Fischeri HeerJJ is much like the present species in vsize and general 

Heer, FI. Tert. Helv. i: 31, pL 7, 8, 1855; 3: 151. pL 143. 1859. 

t Unger, Chlor. Protog. 121. pi. 36. 1847. 

t Braun, Zeits. Deutsch* Geol Gesell. 4: 556. 1852. 

§ EttingshaUvSen, F'ess. FI. Bilin. i; 16. pL 2, /. j 6 - x 8 . 1866. 

I! Lesquereux, Tertiary Flora, 56. pi. 4, f. 14. 1878. 

Idem, /. ij. 

Idem, 57. pi. 4f /. IX, 12. 

tt Newberry, Proc. U. S. Nat. Mus. 5: 503. 1882. 

tt Heer, FI. Tert. Helv. 1: 34. pL g,/. 3. 1855; Uesquereux, Cret. & Tert. FL 239. 
pi. so, f. I, la. 1883; Newberry, Mon. U. S, Geol. Surv. 35: 10. pL 48, /. b. tfiqS. 
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appearance, but differs in venation. The American material of 
this last species is rather poor and I doubt very much its identity 
with the European type, A very widespread Tertiary type of fern 
liable to be confused with the Goniopteris is Osmunda lignitum 
Stur* in which, however, the tertiaries are all always simple, neither 
anastomosing nor forming interlateral rays. 

The Johns Hopkins University 

of plate XZ 

Goniopteris claiborniana Berry 

From the Eocene of Columbia, Louisiana. 

Fig. I. Portion of a pinna, natural size. 

Fig. 2. Fragment of a frond, natural size. 

Fig. 3. Normal type of venation, X 4. 

Fig. 4. Unusual type of venation, X 4. 


^ Stur, Jahrb. k. k. Geol. Reichs. 20: 9. pi. 2. 1870. 




Notes on plants of the southern United States — III 

Francis W. Pennell 

As with preceding issues this paper divides itself into two 
portions. One consists of short notes based upon the writer’s 
field work of 1912 and 1913, recording mostly plants believed new 
to their respective states. The other and larger portion consists 
of a revision of the genus Chamaecrista in the United States, and 
for this have been reviewed, besides his own collections, all the 
material in several of our leading herbaria. In both parts symbols 
are used; > to indicate in flower; <, in fruit. 

MISCELLANEOUS SPECIES 
Aristolochia longiflora Engelm. & Gray 

Not A . lo7igifoliay' as it appears in Coulter, Botany of Western 
Texas (Contr. U. S. Nat. Herb. 2), and in Small, Flora of the 
Southeastern United States. Collected near its original station, 
on dry black loam, Edwards Plateau, northwest of New Braunfels, 
Comal County, Texas, September 14, 1913, 5435- 

Actaea alba (L.) Mill. 

Deciduous woodland, Catalpa, W.est Feliciana Parish, Louisi- 
ana, August 22, 1912, 43og. With a large number of northern 
species, such as Asplenium pyc7iocarponSpxtn\g., tYiis its 

southern limit in the loess hills east of the Mississippi River in 
Louisiana. 

Cracca ambigua (M. A. Curtis) Kuntze 

Open long-leaf pine-land, one to two miles north of Abita 
Springs, St. Tammany Parish, Louisiana, > August 12, 1912,413(5. 

Cracca angustifolia (Featherman) Pennell, comb. nov. 
Tephrosia angustifolia Featherman, Bot. Rep. Louisiana 73. 1871 . 

“ Habitat.— Pine barrens near Pontchatoula [Louisiana].’^ 
From inquiry at Baton Rouge it seems probable that Featherman/s 
type is, not in existence. 

^ 337 
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Cracca onohrychohics (Nutt.) Kuntze as it occurs in central and 
western Arkansas and eastern Oklahoma is relatively a stout plant, 
its stem and leaf-rhachises hirsute with more or less spreading 
rusty hairs, its leaflets mostly nine to twelve pairs, elliptic-oblong, 
densely and softly pubescent beneath. The plant here considered, 
for which is taken up Featherman’s name, is more slender, its stem 
and leaf-rliachises shortly pubescent “with appressed or but slightly 
spreading hairs, giving by their more scattered position the effect 
of being less rusty, its leaflets six to nine pairs, linear-oblanceolate. 
This is probably a characteristic plant of the long-leaf pine-land in 
Louisiana and Mississippi; we have it from Gulfport, Harrison 
County, Mississippi, < September 8, 1900, F. ,E. Lloyd & S. M. 
Tracy 161, and from open pine-land, one to two miles north of 
Abita Springs, St. Tammany Parish, Louisiana, < August 14, 
1912, 4i8p. Its specific status is here proposed tentatively. 
Specimens of C, onobrychoides collected on prairies in Bowie 
County, Texas, in 1898, JT. Eg^cfi 5 ,and at Hempstead, Waller 
County, Texd,s, E. Hall I ig/m pubescence and leaf-form show pos- 
sible first stages of transition toward C. angustijolia. The plant 
needs further field-study. 

Eysenhardtia texana Scheele 

The single species of Eysenhardtia occurring through most of 
central southern Texas is this, based upon Lindheimer’s collection 
at New Braunfels, Texas. It has been confused with the central 
Mexican £. polyskichya (Ortega) Sargent {E, anwrphmdes H.B.K.), 
but is a smaller plant, a shrub rather than a small tree, its leaflets 
fewer in number, finely puberulent rather than pubescx‘nl, its 
calyx-tube split on posterior side relatively more deeply and its 
legumes smaller, evidently upeurved, at maturity ascending, not 
rcdlexecl. Mr. W. E. Saflford and the writer arc planning a revision 
of this small but neglected genus. On black calcareous soil, 
Edwards Plateau, northwest of New Braunfels, Comal County, 
Texas, > September 14, 1913, 5468. 

ZORNIA DIPHYLLA (L.) Pers. 

Sandy soil, one mile east of Aloe, Victoria County, Texas, > 
September, 18, 1913, 54gx, A tropical species, West Indian and 
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Mexican, extending into southern Arizona, but, so far as I am 
aware, not before reported from the Gulf States. 

Lespedeza hirta (L.) Eli. 

Dry sandy oak-w^oods west of Sheridan, Colorado County, 
Texas, collected 5 September 21, 1913, 5323. 

Galactia marginalis Benth. Ann, Wien. Mus. 2: 126. 1838 

Perhaps G. heterophylla (Gill.) Vail (Bull. Torrey Club 22: 
502. 1895), but not G, heterophylla A. Gray (Boston Jour. Nat. 

Hist. 6: 1 71. 1850). 

Sandy soil, one mile east of Aloe, Victoria County, Texas, > 
September 18, 1913, 5497 - 

THE GENUS CHAMAECRISTA Moench IN THE UNITED 

STATES 

During my two southern trips especial attention was given to 
the genus Chamaecrista Moench. This genus or, if you will, 
subgenus of Cassia L. has long been known as of particular taxo- 
nomic difficulty. As long ago as 1871 Bentham in his revision of 
Cassia emphasized this. Hence it has seemed desirable to see 
living plants and to study the behavior of the several species. 

From the following lists the extent and deficiencies of this 
field-work will be apparent. I have collected nearly all the species 
in my course, but, as I did not travel west of central Texas or south 
into the Florida peninsula, I have seen but six of the thirteen species 
here recognized. 

However, these six include all of the wide-ranging, widely 
variable sorts, and, as in this genus the characters of diagnostic 
value preserve well, the main importance of field-study has been 
to form some appraisement of variation within and between 
species. Of the geographic subvSpecies here treated, six in all, 
the writer has collected three. 

Coi'olla large, exceeding i cm. in diameter; one petal only 
moderately longer than remaining four. Stamens 
10. Pedicels i-8, 7-40 mm. long. 

Perennials. 

Petiolar gland slender-stalked. 

Leaflets 7-0 ram. long, rounded-mucronulate, ' ' i, 
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glabrous, reddish beneath. Pedicels jo-do 
inni. long. Sepals ovate. Legumes 30-40 
nun. kmg, liuely appresse<l-piiberulent. 

Leaflets S-ir min. long, acute-mueroiiati*, eili- 
ate, green beneath. Pedicels 7-9 mm. long. 
Sepals lanceolate-attenuate. Legumes 35-40 
mm. longl strigose. 

Petiolar gland sessile. 

Pedicel i, 25-35 mm. long, exceeding the 
leaves. Sepals ovate. Stipules ovate. 
Leaflets strongly ridge-veined. 

Pedicels 1-4, 15-25 mm. long, shorter than the 
leaves. Sepals lanceolate. vStipiiles 
lanceolate-linear. Leaflets not strongly 
ridge-veined. 

Leaflets 4-7 pairs, not ridge-veined, pubes- 
cent. Petiolar gland small. Pedicels 
spreading-pubescent. Legumes 3-S"4 
cm. long, pubescent. 

Leaflets 12-20 pairs, finely ridge- veined, 
glabrous. Petiolar glands large, t ~2 mm. 
long. Pedicels glabrous to finely ap- 
pressed-puberulent. Legumes 6.5-S.5 
cm. long, sparsely finely appressed- 
puberiilent. 

Annuals. 

Petiolar gland depressed, 1-2.5 I'am. wide. Pedi- 
cels glabrous to more rarely puberuleiit in lines. 
Leaflets 10-25 pairs. 

Petiolar gland not depressed, 0.07-1.5 mm, wide. 

Pedicels pubcnilcnt to hirsute. I.eaflets 

6~I2(-i8) pairs. .Species closely related 

and more or less intergrading. 

Leaflets glaliroms (occasionally .slightly pubeni- 
lent in C\ fasdculatn). T^egumes 3-7 
cm, long, 5-7 mm, wide. 

Anther-vsac.s purple. Petiolar gland mi- 
nute, u.07“0.2 mm. wide. Leaflets 5-9 
pairs. Buds ovate, acute to short-acu- 
minate. 1-eguirie relatively long- beaked. 
Pedicels appressed-pubescont. Plant 
low. 

Anther-sacs yellow (rarely purplish in C. 
fasciciilala). Petiolar gland 0.5-1. 5 
mm. wide. I^eaflets 6-i2('-i8) pairs. 
Buds lanceolate to ovate-lanceolate, 
strongly acuminate, X.egumes rela- 
tively short-beaked. 

Pedicels and stems pubescent with in- 


I. C. II' rL'/i/ii. 


2. C. aristcllata. 


3. C. texana. 


4. C\ keyensis. 


5. C. Deeringlana. 


6. C. hrachiaia. 


7. C. rostrata. 
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curved hairs. Legumes pubescent 
with relatively short and appressed 
hairs. Leaflets 6-12 (-15) pairs. 
Corolla 25-30 mm. wide. 

PediceL and stems hirsute with 
spreading hairs. Legumes pu- 
bescent with .spreading hairs. 
Leaflets 9-18 pairs, 15-20 mm. 
long. Corolla mostly 30-40 mm. 
wide. Stems stout, erect. 

Leaflets 6-10 pairs, 8-12 mm. long. 
Corolla about 25 mm. wide. 
Stems slender, spreading. 

Leaflets pubescent with incurved hairs. 

Anther-sacs yellow.- Legumes 3-5 cm. 
long, 5 mm. wide. Plants relatively 
small-leaved, slender and spreading. 
Pedicels and legumes pubescent with in- 
curved hairs. 

Pedicels and legumes pubescent with 
spreading hairs. 

Anther-sacs purple. Legumes s~6 cm. 
long, 4-5 mm. wide. Plant relatively 
large-leaved, stouter and erect. 

Corolla small, less than i cm. in diameter; one petal much 
larger than the remaining four. Stamens 5-9 . 
Pedicels 1-2 (-3), 2-5 mm. long. Annuals. 

Legumes 3-4 mm. wide, 10- to i8-seeded- Leaflets 
long-ciliate. Odd petal not twflce length of others. 

Legumes 4-6 mm. wide, 6- to 9-seeded. Leaflets not 
ciliate. 

Petiolar gland with discoid head much wider than 
stalk-like base. Corolla with odd petal 
twice exceeding others. Legumes 7- to 9- 
seeded, pubescent with incurved (rarely 
spreading) hairs. Stem pubescent with 
ascending-incurved, rarely with spreading 
hairs. 

Leaflets glabrous, obtuse, mucronate. Sepals 
puberulent on midrib. Stipules $-8 mm. 
long. 

Leaflets 9-18 pairs, 2-4 mm. wide. 

Leaflets 15-26 pairs, 1-2 mm. wide. 

Leaflets pubescent with incurved hairs, acutish 
to acute, more conspicuously miicronate- 
tipped. Sepals pubescent on midrib. Stip- 
ules 8-10 mm. long. 

Petiolar gland with head but slightly wider than 
stalk-like base. Corolla with odd petal less 


8. C. fasciculata. 

8a. C. fasciculata 

8&. C. fasciculata y, 

9. C. 7 nississippiensis. 
ga. C. mississippiensis / 3 . 

10. C. puberula, 

11. C. Uptadenia, 


12. C. nictitans. 
12a. C. nictitans jd. 

125 . C. nictitans y* 
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than twice ("xceui ling others. Les^uiiies 6- 
7-seeded, hirsute witJi spreading hairs. Stem, 
at least above, hirsute with vSpreading hairs. 

Leafiots .15-27 pairs. Stout, erect, mostly 

hirsute throughout. 13. C. as pern. 

Leaflets 9-18 pairs. Slender, diffuse, mostly 

hirsute only above. i3<i. C, aspera / 3 . 


I. Chamaecrista Wrightii (A. Gray) Pennell, com!.), nov. 

Cassia {Chamaecrista) Wnglitii A. Gray, PL Wright. 2 : 50, Mr 
1850. 

“Hill-sides, on the Sonoita,near Deserted Rancho, Sonora; 
Sept, [C. Wright] (1034).” Co-types seen in the herbarium of 
Columbia University at the New York Botanical Garden and in 
the herbarium of the Academy of Natural Sciences of Philadelphia. 

Perennial. Stem ascending, 3-4 dm. tall, finely puberulent in 
lines with incurved to appressed hairs. Stipules lanceolate- 
acuminate, very shortly or not ciliate, 3-'4 mm. long. Petioles 3-4 
mm. long, vslightly puberulent. Petiolar gland single, below 
proximal leaflets, conspicuously stalked, discoid, 0.15-0.2 mm, 
wide, dark-brown. Leaflets six to eight pairs, 8~io mm. long, 2 
mm. wide, obliquely ellipsoid-lanceolate, rounded, very shortly 
mucronulate, glabrous, not ciliate, obscurely nerved. Pedicel 
one, 30-40 mm. long, sparingly puberulent in lines with incurved 
hairs. Sepals 7 mm. long, ovate, acute. Petals 10-12 mm. long, 
the anterior slightly exceeding the laterals. Stamens ten, ubpqual, 
two longer; anthers 6-8 mm. long, gradually narrowed above, 
yellow (?). Legumes 4 cm. long, 5 mm. wide, sparingly finely 
appressed-puberulent. Seeds eight. 

“Hill-sides,’' northeastern Sonora and southern Arizona. * 
Arizona. Without definite locality, /. T. RothrockC 
4750 ft. alt- (U). 

2. Chamaecrista aristellata Pennell, sp. nov. 

Cassia ariskMaia A. Gray, manuscript name on sheet here taken as 
type. 

Perennial. Stem ascending, 4 dm. tall, puberulent with in- 
curved hairs and hirsute with interspersed longer spreading hairs. 
Stipules lanceolate-acuminate, long-ciliate, 5 mm. long. Petioles 
3-5 mm. long, hirsute. ^ Petiolar gland single, slightly below 
proximal leaflets, conspicuously slender-stalked, discoid, ^ 1-1.5 
mm. wide. Leaflets six to eight pairs, 10-15 long, 2 mni. 
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wide, oblique-lanceolate, falcate, acuminate-mucronate on distal 
side, nearly glabrous, evidently ciliate, evidently nerved. Pedicel 
one, 7”i3 nim. long, appressed-puberulent with incurved hairs. 
Sepals lo-ii mm. long, lanceolate, acuminate, puberulent. Petals 
10 mm. long, the anterior slightly exceeding the lateral. Stamens 
unequal. Legumes 4 cm. long, 4-4.5 mm. wide, strigose-hirsute, 
brown. Seeds twelve, 2-2.2 mm. long, oval. 

Type, “Texano-Mexicanum,” collected in fruit, BerlanMer 
20 j 6 f in the herbarium of Columbia University at the New York 
Botanical Garden. 

Apparently differs from Chamaecrista calycioides (DC.) Greene 
of South America, with which it has been confused, by its fewer 
leaflets and solitary flowers; doubtless, when C. calycoides is re- 
collected and fully described, by other characters. 

Besides the type collection, the precise locality of which is 
unrecorded, seen also from Cameron County, Texas, > May 8» 
1900, Vernon Bailey in the United States National Herbarium. 

3. Chamaecrista texana (Buckl.) Pennell, comb. nov. 

Cassia texana Buckl. Proc. Acad. Nat. Sci. of Phila. 1861: 452. 

1862. '"Sandy soil, Bastrop Co., Texas.” Type seen in the 

herbarium of the Academy of Natural Sciences of Philadelphia. 

Perennial, from a rhizome. Stems ascending, 2-4 dm. long, 
puberulent in lines with ascending-incurved hairs. Stipules 
cordate-triangular, acuminate, slightly ridge-veined, puberulent, 
ciliate, 3-4 mm. long. Petioles 2-3 mm. long, puberulent with 
ascending-incurved hairs. Petiolar gland single, below proximal 
leaflets, sessile, rudimentary or mostly wanting. Leaflets ten to 
sixteen pairs, crowded, 6-8 mm. long, i mm. wide, elliptic-lanceo- 
late, acutish, pubescent, finely ciliate, strongly ridge-veined. 
Pedicel one, exceeding the subtending leaf, in fruit 30-50 mm, 
long, puberulent with incurved hairs. Sepals 7-8 mm. long, ovate, 
acute, finely appressed-puberulent. Petals 10-13 mm* long, the 
anterior slightly exceeding the laterals. Stamens ten, unequal, 
one or two longer; anthers 6 mm. long, yellow. Legumes 3-4 cm. 
long, 5 mm. wide, sparingly finely appressed-pubescent. Seeds 
eight. 

This has been identified as C. chamaecristoides and as C. pro^- 
cumbens. 

C, chamaecristoides (Collad.) Greene, of South America, differs 
by its longer stouter stems, lanceolate stipules, slightly longer 
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petioles, evident stalked petiolar gland, rounded not winged 
leaf-rachis (in C. fexana this is flattened, slightly winged), larger 
scarcely veined evidently cuspidate leatlets, stouter densely 
piit)erLileiit pedicels shorter than the subtending leaves, and 
flowers larger, 30-35 mm. in diameter. 

64 micrantha Britton C. procumbens” not L.), of Cuba and 
the Isle of Pines, differs by its ovate-lanceolate stipules, evident 
petiolar gland, terete not winged leaf-rachis, shorter scarcely 
veined usually more piiberulcnt to pubescent leaflets, peduncles 
becoming but 10-20 mm. long, smaller flowers 15 mm. in diameter, 
and more piiberulent eight- to twelve-seeded legumes. 

Dry sandy soil, southern Texas. 

Texas. Bastrop:'’' 5 . B, Buckley (A). Cameron: Rudolph, 
F. L. Lewton lyS > April 13 (U). Duval: Pena, G. C. Nealley 117 
(P, U). Victoria: Aloe, F. W. Pennell 5 4g6 > September 18 (P). 
Webb: Laredo, Schott J05 > June (Y). Also "'De Matamoros a 
las Nueces,” Berlandier 2427 (A, U, Y). 

4. Chamaecrista keyensis Pennell, sp. nov. 

Perennial. Stems spreading, 1-8 dm. long, densely pubescent 
with spreading hairs. Stipules lanceolate-acuminate, 4.5“5 mm. 
long. Petioles 3-6 mm. long, densely spreading-pubescent. 
Petiolar gland single, toward distal end of petiole, sessile, more or 
less raised, saucer-shaped. Leaflets four to seven pairs, 7-10 
mm, long, 2-4 mm. wide, oblanceolate, mucronate, densely 
pubescent with, somewhat incurved hairs. Pedicels one or two, 
15-20 mm, long, pubescent with spreading upenrved hairs. Sepals 
8-9 mm. long, lanceolate-acuminate, hinsute. Petals 9-10 min. 
long, the anterior but slightly exceeding the laterals. Stamens 
ten, unequal; anthers 7-8 mm. long, gradually narrowed above, 
reddish-purple. Legumes 4-4.5 cm. long, 4"'5 mni. wide, pulieru- 
lent with incurved hairs. Seeds twelve, 3 ram. long. 

Type, rocky pine woods, Big Pine Key, Monroe County, 
Florida, collected in flower May 2, 1917, F. W. Pennell gS 53 
herbarium of the New York Botanical Garden. 

The Antillean C. grammica (Spreng.) Pollard, with which this 
has been identified, differs by its appressed pubescence and con- 
spicuously stalked glands. 

* As in preceding HvSts, one specimen (rarely several) from a county is cited, 
county-names being arranged alphabetically. For herbaria cited see Bull Torrey 
Club 43: 94. 1916, 
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Rocky or sandy pine-lands, Florida Keys. 

Florida. Monroe: Big Pine Key, J. K. Small J7S5, 37 go 
< November 17 (Y) ; No-name Key (U, Y); Ramrod Key (Y). 

5, Chamaecrista Deeringiana Small & Pennell, sp. nov. 

Perennial, from a horizontal rhizome. Stems erect, slender, 
purple or purplish, 3-6 dm. tall, glabrous or sparingly puberulent 
above with incurved hairs. Stipules strongly ridge- veined, gla- 
brous, 7-10 mm. long. Petioles 5-8 mm. long, sparingly appressed- 
puberulent to glabrous. Petiolar gland single, depressed-discoid, 
1--1.5 mm. wide, brown. Leaflets 10-20 pairs, 10-20 mm. long, 
2™3 mm, wide, lanceolate-linear, acute-mucronate, glabrous, not 
ciliate, shining, finely ascending ridge-nerved; midrib excentric. 
Pedicels one to four in a fascicle, 10-20 mm. long, very slender, 
glabrous to more rarely sparingly puberulent in lines with incurved 
hairs. Sepals 10-12 mm. long, lanceolate, acuminate, not dilated 
nor white-margined below, glabrous to finely pulverulent. Petals 
14-18 mm. long, anterior slightly exceeding laterals. Stamens ten, 
unequal, 2 longer; anthers 8-9 mm. long, yellow or reddish. 
Legumes 6. 5-8. 5 cm. long, 5 mm. wide, i mm. thick, brown, 
thick-walled (seed-cavities scarcely visible externally), sparingly 
finely appressed-puberulent to glabrous. Seeds twelve to fifteen, 
3.8-4 mm. long, dark purplish-brown. 

Type, pine-lands near Silver Palm, Dade County, Florida, 
collected in flower and fruit June 22, 1915, J. K, Small, C. A, 
Mosier G, K. Small 6434, in the herbarium of the New" York 
Botanical Garden. 

Has been confused with C. brachiata. 

Pine-lands on Miami limestone, mainland, and on Big Pine 
Key, southern Florida. 

Florida. Dade: Brogdon Hammock; Cocoanut Grove; 
Cutler; Homestead; Long Prairie; Miami, N. L. Britton 197 > 
March 24 (Y); Murden Hammock; Silver Palm; near Timms 
Hammock, F. W. Pennell 9540 > April 28 (Y). Monroe: Big 
Pine Key, /. K, Small 3781 5 November 17, (Y). 

6. Chamaecrista brachiata Pollard 

Chamaecrista brachiata Pollard, Proc. Biol. Soc. Wash. 15: 20. 

Feb. 18, 1902. '‘Type, No. 330,115, in the United States 

National Herbarium, collected by Charles L. Pollard and G. N. 
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Coliins at Miami, Dade County, Florida, April 4-7, 1898 (No. 

245)/’ ' Type seen in the United States National HerbariiiiiL 

Annual. Stems erect, 8-12 dm. tall, glabrous or sparingly 
piiberulent above with incurved hairs. Stipules lanceolate- 
acuminate, glabrous or nearly so, not dilate, 5-8 mm. long. 
Petioles 4”-8 mm. long, sparingly appressecl-puberulent to glabrous. 
Petiolar gland single, or occasionally two or three and serially 
placed, closely sessile, effused-discoid to saucer-shaped, 1-2.5 mm, 
wide, brown. Leaflets ten to twenty-five pairs, 10-20 mm. long, 
2-3 mm. wide, linear-lanceolate, acute-mucronate, glabrous, not 
dilate, obscurely nerved. Pedicels 1-4 in a fascicle, 10-20 mm. 
long, glabrous to more rarely ^sparingly puberulent in lines wath 
incurved hairs. Sepals io~i2 mm. long, lanceolate, acuminate, 
glabrous or nearly so. Petals 10-18 mm. long, anterior slightly 
exceeding laterals. Stamens ten, unequal, 2 longer; anthers 7-9 
mm. long, reddish to purplish (?). Legumes 6-8 cm. long, 5-5.5 
mm. wide, sparingly finely appressed-puberulent. Seeds fifteen 
to eighteen, 3-3.2 mm. long, dark brown. 

Dry pine-land, peninsular Florida (perhaps also in southern 
Alabama) . 

Florida. Brevard: Merritt's Island, A. A. Baldwin < 
September i (A). Dade: Mmmi, C,L. Pollard & G. N. Collins 243 
< April 4-7 (U, Y). Duval: Jacksonville, A, H. Curliss 5156 > 
August 27 (U, Y). Hillsboro: Tampa, N, L, Britton & P, Wilson 7 
5 August 25 (Y). Lake: Eustis, G. F. Nash 701 > May 1-15 
(U, Y). Lee: Pine Island, 5 . M, Tracy 7242 > May 14 (P, U, Y). 
Manatee: Bradentown, S. M. Tracy yoSg > June 15 (P, U, Y)» 
Marion: Fort King, Lieut Alden (Y). Orange: Clarcona, M. 
Meislahn .127 5 November 30 (U). Pinellas: Clearwmter Key, 
5 * M, Tracy 6336 > April 2r (U). Polk: Lakeland, Mrs, T, 
Meehan ^M^rch (A), Ste. Lucie: Fort Pierce, A, B, Burgess 
724 > April 8-9 (Y). Suwanee: Live Oak, F, W. Pennell p7gg 
> May 23 (Y). 

(?) Alabama. Baldwin: Bay Minette, J. M, Macfarlane & 
0 . Goertz > June 15 (P), apparently this, but petiolar gland is 
quite small. 

7. Chamaecrista rostrata Wooton & Standley 

Chamaecrista rostrata Wooton & Standley, Contrib. IJ. St Nat. 

. Herb. 16: 135. F 12 1913. ^‘Type in the U. S. National 
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Herbarium, no, 660032, collected in sandy soil at Logan [New 
Mexico], October 5, 1910, by Mr. Geo. L. Fisher (no. 93).”, 
Type seen in United States National Herbarium. 

Annual. Stem erect, 1-3 dm. tall, branched, finely puberulent 
over entire surface with ascending-incurved hairs. Stipules 
lanceolate-attenuate, glabrous or nearly so, slightly ciliate, nerved, 
4-6 mm. long. Petioles 2-4 mm. long, finely puberulent with 
incurved hairs. Petiolar gland single, toward distal end of petiole, 
sessile, slightly saucer-shaped, 0.07-0.2 mm. wide, brown. Leaflets 
five to nine pairs, 7-12 mm. long, 2-3 mm. wide, oblong, obtuse, 
shortly mucronulate, glabrous, scarcely finely ciliolate, paler 
beneath, faintly nerved. Bracteoles 2-3 mm. long, lanceolate- 
attenuate. Pedicels one or two in a fascicle, 7-10 mm. long, 
finely puberulent with incurved hairs. Sepals 7-I0 mm. long, 
ovate-acuminate, puberulent on the midrib. Petals 10-15 mm. 
long, ovate-acuminate, puberulent on the midrib. Petals 10-15 
mm. long, anterior exceeding laterals. Stamens ten, unequal, 
two longer; anthers 6-8 mm. long, purple. Legumes 3‘“4.5 cm. 
long, 4~5 mm, wide, appressed-puberulent with an evident beak, 
1-2 mm. long. Seeds six to nine, 3 mm. long. 

Sandy soil, Staked Plains of northwestern Texas, southwestern 
KaOwSas and eastern New Mexico. 

KANSAS. Morton: Richfield, J. N. Rose J7J<5p 5 September 
20 (U). 

Texas. Plemphill: Canadian, A. H. Howell 87 > July (U). 
'‘Staked Plains,” G, W. Holstein (A). 

New Mexico. Quay: Logan, G. L. Fisher pj > October 5 (U). 

8. Chamaecrista fasciculata (Michx.) Greene 

Cassia fasciculata Michx. FI. Bor. Amer. i: 262. 1803. ''Hab* 

in Pensylvania et Virginia.” Type not seen nor verified, but 
description sufficiently indicates this plant. 

Chamaecrista fasciculata [^^fascicularis^^] Greene, Pittonia 3: 242. 
1897. 

Chamaecrista hellula Pollard, Proc. Biol. Soc. Wash. 15:19. 1902. 

"Type in the United States National Herbarium, collected by 
Prof. S. M, Tracy at St. Vincent, Florida, September 9, 1899 
(No. 6,326).” Type; collected September 4, 1899, seen in 
the United States National Herbarium. Perhaps a small- 
leaved form of the southern Coastal Plain* 
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Chaniaecrista caniporunt Greene, Pittonia 5: 108. 1903. “Type 

specimens collect'cd by myself at Monticello, Illinois, 7 August, 
1899.” Type not seen, nor verified, but description evidently 
of this species. 

Cassia Chaniaecrista L. (Sp. PI. 379. 1753* ''Habitat in 

Jamaica, Barbados, Virginia’') is composite, and should be typified 
by “Chcimae Crista pavonis americana, siliqiia multiplici,” Breyn. 
Cent. 66: pi. 24, from Curagao. This is the species usually known 
as Cassia diffusa DC an ally of C. nictitans L. The Liniiaean diag- 
noses, here, in Hort. Ups. loi, 1748, and in, Hort. Cliff. 158, 1737, 
will apply to this, the phrase “glandula petioli pedicellata” di- 
rectly excluding our plant. 

Annual. Stem erect, 3-9 dm. tall, much branched, puljerulent 
in lines with ciscending incurved hairs. Stipules linear-attenuate, 
glabrous or nearly so, ciliate, many-iierved, 5- 10 nun. long. 
Petioles S'-S mm. long, puberulent with incurved hairs. Petiolar 
gland single, near middle or toward distal end of petiole, sessile 
or nearly so, depressed saucer-shaped, round or slightly oval, 
o.5“i.5 mm. wide, dark browm to brown. Leaflets six to twTslvc 
(or fifteen) pairs, 10-20 mm. long, 2-5 mm. wide, oblong-linear, 
obtuse to acute, shortly mucronulate to mucronate, glabrous 
(rarely very finely puberulent), finely ciliolate, paler l)eneath, 
evidently nerved, Bracteoles 3-5 mm, long, linear-attenuate. 
Pedicels one to six in a fascicle, 10-20 mm. long, finely or s{)arsely 
puberulent with incurved (rarely somewhat spreading, then short) 
hairs. Sepals 9-12 mm. long, lanceolate-acuminate, more or less 
pubescent on the midrib. Petals 10-17 mm. long, anterior .slightly 
exceeding laterals. Stamens ten, unequal, two longer ; anthers 8-10 
mm, long, yellow or reddish (especially southwest ward) . L^egumes 
4-5 cm. long, 5-5.5 mm. wide, apj:)ressecl-pul)erulent or glabrate 
on the sides, with a beak usually short but reaching 1.5 mm. long. 
Seeds six to fifteen, 3-3.2 mm, long. 

Moist to dry, usually sandy, open placcvs, south eastern MaSvSa- 
chusetts to Florida and central Texas, inland to nortliern Ohio, 
southern Minnesota and central Kansas. Abundant 4 n many 
parts of the southeast, especially in the Atlantic Coastal Plain. 
Northeast of Virginia, rare above the Fall Line, on the Serpentine 
and occasionally elsewhere in southeastern Pennsylvania. 

Variable, and doubtless hybridizes with allied .species. South- 
eastward probably passes into the little-known variety 7 south- 
ward through the lower Alleghenies and the lower Mississippi 
valley passes into the very pronounced variety (3. 
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Massachusetts. Barnstable: Woods Hole, T, Morong > 
August 10 (Y); also Plymouth County. 

Rhode Island. Providence: East Providence, J. F, Collins 

> iliigust 26 (U) ; also Washington County. 

Connecticut. Fairfield: Greens Farms, C. L. Pollard 232 
5 August 16 (U). 

New York. Nassau: Long Beach, F. W, Pennell 2312^ 
October 12 (Y); also Bronx, Richmond, Suffolk and Westchester 
Counties. 

New Jersey. Cape May: Cape May, F. IF. Pennell 2223 

> August 4 (U); also Atlantic, Bergen, Camden, Cumberland, 
Gloucester, Middlesex, Monmouth, Ocean, Passaic and Somerset 
Counties. 

Pennsylvania. Delaware: Williamson School (serpentine). 
F. W. Pennell 1640 (Y) ; also Allegheny, Beaver, Berks, Chester, 
Dauphin, Huntingdon, Lancaster and Montgomery Counties. 
Delaware. Sussex: Milton,^. Commons > August 17 (A). 
Maryland. Cecil: Bacon Hill, F. IF. Pennell 1616 > August 
4 (Y) ; also Dorchester and Queen Anne Counties. 

Virginia. Princess Anne: Virginia Beach, T, H. Kearney 2x36 

< October 6 (U) ; also Accomac, Fairfax, Hanover, Norfolk and 
Warren Counties. 

West Virginia. Jefferson : Harpers Ferry, Detwiller, August 6 
(A). 

North Carolina. Buncombe: Biltmore, BiU7nore herbarium 
i8ob > July 30. (P> Uj Y); also Carteret, Cherokee, Craven, 
Forsyth, Orange, Polk and Rowan Counties. 

South Carolina. Orangeburg: Eutawville, W. W. Eggleston 
4g8o > September 6““i I (Y); also Aiken and Berkeley Counties. 

Georgia. Chattooga: Summerville, C, L. Pollard IF. R, 
Maxon 446 > August 7-8 (U). Gilmer: Ellijay, J. K, Small 

> August 1 3"-! 6 (Y). Sumter: R, M, Harper 1003 > July 5 
(U, Y). Whitfield: Dalton, R, M. Harper 3^6 > August 10 
(U,Y). 

Florida. Franklin: St. Vincent (Id.), 5. M , Tracy 6326 

< September 4 (U, Y). 

Alabama. Clay: Talladega Creek, C. Mohr > Augusts (U). 
Dekalb: Mentone, ikfuAr ^ September 2 (U). , Jefferson Birr* 
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mingham, C. Schuchert > October 9 (U, Y). Lee: Auburn,* 

F. S. Earle & C. F. Baker > August 17 (Y). 

Mississippi. Carroll: E. Smith (U). 

Tennessee. Chester: Henderson, 5 . M. Bain 54 p.p > 
August (Y). Knox: Knoxville, A. Ruth 2202 > June (Y). 
Marion: South Pittsburg, C. L. Pollard W, R. Maxon 4og > 
August 3-4 (U, Y). Monroe: Madisonville, F. L. Scribner > 
August (U). Roane: Post Oak Springs, C. L, Pollard & ML R. 
Maxon 413 > August 6 (U). 

Kentucky. On Red River, R. Peter > July (Y). 

Ohio. Erie: Oxford prairie, E. L. Moseley > August 6 (U). 
Indiana. Newton: Roselaw’'n, H. Hahn (U). 

Illinois. Cook: Calvary,* F. C. > August 21 (IJ); 

also Vermilion* County. 

Wisconsin: Trempeleau: Trempeleau, T. /. Hale (A). 
MinnesoTxI. Brown: Sleepy Eye, E. P. Sheldon > July 
(U, Y) ; also Houston and Nicollet Counties. 

South Dakota. Minnehaha: Sioux Falls, > August 

(U). 

Iowa. Story: Ames, L. 11 . Pammel & C. R. Ball 20 > July 18 
(U, Y); also Buchanan, Decatur, ‘Fayette, Hardin and Johnson 
Counties, 

Nebraska, Lancaster: Lincoln, J. G. Smith > September 
(C) ; also Cass County. 

Missouri, Greene: Springfield, P. C, Standley 8322 > August 
28 (U). Jackson: Courtney, B. F. Bush 648(4 ^ August 19 (U, Y). 
Marion: Oakwood, J, ■ J02 > July 17 (U). Mississippi: 

Charleston, 0 . Ktmtze 2862 < September 9 (Y). St. lA)uis: St. 
Louis, N. Riehl 87 > August (Y). Wawshington: Fotosi, F. Pe.ck 
(U). , 

Kansas. Geary: PYrt Riley, E, E. Gayle 538 > July 20 (Y); 
also Douglas, Lyon, Riley and Shawnee Counties. 

Arkansas. Miller: Texarkana, A. A, & G. Heller 4.133 > 
August 23 (A, U, Y) (leaflets minutely puberulent). Nevada *.4 m. 
se. of Prescott, M. P. Hollister 25 > June 17 (U). Pulaski: little 
Rock, H. E. Hasse (Y). 

Oklahoma. Creek: Sapulpa, F. W. Pennell 53(42 > Septem- 
ber' 8 (P). t Payne; Stillwater, P. A. Waugh 358 (IJ). 

* Approaching C.^asdculuta 0 . 
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Louisiana. Caddo: Shreveport, Gregg > September 4 (A). 
Texas. Hays: San Marcos and vicinity, S. PF. Stanfield (Y). 
Parker: Weatherford, S. M, Tracy 8026 > June 3 (P, Y). Travis: 
Austin, F, IT. Pennell s 430 > September 13 (P) (anthers purple). 
Walker: Huntsville, R, A. Dixon 400 > July 9-12 (Y). 

8<2. Chamaecrista fasciculata jS 

Cassia Chamaecrista robusta Pollard, Bull. Torrey Club 21:218. 
1894. “Type a single specimen in the Columbia College 
Herbarium collected by Dr. C. W. Short in the mountains of 
Kentucky.” Type seen in the herbarium of Columbia Uni- 
versity at the New York Botanical Garden. 

Cassia robusta Pollard, lx. 24: 150. 1897. 

Chamaecrista robusta Pollard; Heller, Cat. N. A. PL 2d ed. 5. 
1900. 

Stem stouter, 6”i5 dm. tall, more or less densely hirsute above 
with spreading hairs. Stipules lanceolate-attenuate, 10-14 
long. Petioles hirsute-pubescent. Leaflets nine to eighteen 
pairs, 15-20 mm. long, 3-6 mm. wide. Bracteoles 4-6 mm. long. 
Pedicels 15-25 mm. long, hirsute with spreading hairs. Sepals 
hirsute on the midrib. Petals 15-20 mm. long. Legumes 5-7 
cm. long, 6“7 mm. wide, hirsute-pubescent. Otherwise as in the 
species. 

Moist to dry vsoil, more frequently in low ground, and most 
abundant on alluvial soil, southern Ohio to northern Florida, 
eastern Missouri and Louisiana, Throughout the lower Mivssissippi 
valley, mostly in. alluvial soil; also pushing up into the valleys of 
the southern Alleghenies. In southern Louisiana, where I have 
collected it, seemingly quite distinct from C, fasciculata^ but study 
of specimens shows a surprivsing number of intermediates. 

Georgia. Clarke: R. M. Harper > (Y). Floyd: Rome, G. 
McCarthy 311 > July (U). 

Florida. Leon: Tallahassee, iV. K. Berg (Y), 

Alabama. Baldwin: Tensaw, S. M. Tracy 8oog^ 8038 > 
August 22 (P, U, Y). Barbour: Eufaula, G. McCarthy > August 
(U). Clay: Delta, C. Mohr (U). Lee: Auburn, F. S. & E. S. 
Earle 30 > September 14 (U, Y).* 

* Approachhig thp typical form of the species, ; 
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Mississippi. Franklin; Florence, E. G. Holt 17 > July 25 (U). 
Jasper: 5 . Deavonts 2^42 (U). Noxubee; Prairie Point, Mrs. 
P. A. L. Carpenter S October (U). Oktibbeha: AgTiciillurai 
College, C. L. Pollard I 2 y 6 > August 11-17 (U, Y). 

Tennessee. Chester .-Henderson, S. M. Bains 4 P-P- ^ August 
(U, Y). Franklin: Cowan, A. Ruth > July 

Kentucky. Lincoln: Crab Orchard, C. W. Short (A). “Moun- 
tains of Kentucky,” C. W. Short (A, Y), 

Ohio. “In ditione Miami,” I)r. Frank (IJ). 

Illinois: Cass: Little Indian, F. C. Gates > July 7 (U). 
Peoria: Peoria, F. E. McDo?iald > September (Y). Richland; 
R. Ridgzvay (IJ). 

Missouri. Polk; Graydon Springs, P. C. Standley gSgs < 
September 7 (U). St. Louis: St. Louis, 0 . Kimtze 2^^j > Sep- 
tember 6 (Y). 

Arkansas. Ouachita: Camden, A. H, Howell 618 > July 7 
(U). 

Louisiana, Avoyelles: Marksville, W. L. Me A tee 2x8$ > 
September 12 (U). West Feliciana: Baines, F. W, Pennell 42*/$ 
> August 21 (P, Y). 

8&. ChAMAECRISTA FASCICULATA 7 
Cassia depressa Pollard, Bulk Torrey Club 22: 515. pL 25. 1895. 

‘‘Low pine woods, River Junction, Gadsden Co., Idorida* 
G. V, Nash, September 5, 1895 (no. 2571).” Type seen in the 
herbarium of Columbia University at the New York Botanical 
Garden, 

Chamaecrista depressa Greene, Pittonia 3: 242. 1897, 

Stems spreading-ascending, slender, 1-3 dm. tall, diffusely 
branched below. Petioles 2-5 mm. long. Petiolar gland .$-1 mm. 
wide. Leaflets six to ten pairs, 8--12 mm. long, 2-3 mm. wide. 
Bracteoles 3-4 mm. long. Pedicels 1-3 in a fascicle, hirsute with 
spreading, and also in part with fine incurved hairs. Sepals 8-10 
mm. long, hirsute on the midrib. Legumes spreading-pubescent. 
Otherwise as in the species. Not satisfactorily known, but cer- 
tainly not a distinct species. 

Open pine-woods, Apalachicola River hills, northwestern Flori- 
da. 

Florida. Gadsden: Chattahoochee, S. M. Tracy jpyd > 
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August 23 (U, Y); River Junction, yl. Jf. Curtiss S 080 > September 
8 (LT, Y). 

9. Chamaecrista mississippiensis (Pollard) Pollard 

Cassia mississippiensis Pollard, Bull. Torrey Club 21: 219. 
1894. ‘^Type in herbarium of Columbia College, collect€;d by 
Miss K. Skeehan, 1889^, at Ocean Springs, Mississippi/' Type 
collected November 7, 1889, seen in the herbarium of Columbia 
University at the New York Botanical Garden. Several 
specimens on sheet; these, originally described as '‘suffriiti- 
cose,” are apparently lateral shoots of a dwarfed diffusely 
branched plant. 

Chamaecrista mississippiensis Pollard; Heller, Cat. N. A. PL 2d 
ed. 5. 1900. 

Chamaecrista Tracyi Pollard, Proc. Biol. Soc. Wash. 15: 21. 
1902. “Type in the United States National Herbarium, col- 
lected by Prof. S. M. Tracy at Koshtaw, Miss., September 15, 
1898.” Type, Tracy 4Q14, collected October 15, 1898, seen 
in the United States National Herbarium. 

Annual. Stem erect or ascending, 2-6 dm. tall, slender, often 
diffusely branched at base, finely puberuient with ascending in- 
curved hairs. Stipules lanceolate-attenuate, glabrous or nearly 
so, ciliate, 4-7 mm. long. Petioles 2-5 mm. long, puberuient with 
incurved hairs. Petiolar gland single, sessile, depressed saucer- 
shaped, *3~“.6 mm, wide, dark-brown. Leaflets six to fifteen pairs, 
5“i2 mm. long, 2-3 mm. wide, ellipsoid linear-lanceolate, aciitish 
to acute-mucronate, appressed-puberulent, not ciliate, obscurely 
nerved. Bracteoles 2-3 mm. long, linear-attenuate. Pedicels 
one to three in a fascicle, 6-15 mm. long, finely puberuient with 
incurved hairs. Sepals 5-10 mm. long (in the bud longer than 
the petals), linear-lanceolate, long-attenuate, appressed-puberii- 
lent. Petals 8-15 mm, long, anterior slightly exceeding laterals. 
Stamens ten, unequal, two longer; anthers 7~"9 mm. long, yellow. 
Legumes 3-5 cm. long, 5 mm. wide, appressed-puberulent. Seeds 
six to, fifteen. 

Moist sandy pine-land, southern Mississippi and Louisiana, 
extending apparently into southern Alabama and southeastern 
Texas, 

Alabama. Lee: Auburn, F. S* Earle C. F, Baker > August 
(U). ■ , , , . . : : 
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Mississippi. Copiah : L. R, Gibbes > August (Y). Harrison : 
Biloxi, F. W\ Pennell 4378 > August 28 (P). Jackson: Scranton, 
S. M. Tracy 4436 > August 29 (U). 

Louisiana. Caddo: Shreveport, F. S. Earle > June (Y). 
Plaquemines: Breton Island, 5 . M. Tracy & F, E, Lloyd igS p.p. 

> August 17 (P). Rapides: Alexandria, C, R, Ball 540 p.p, 

> June 3 (U, Y). St. Landry: Opelousas, C. Mohr > March 15 
(U). St. Tammany : Abita Springs, F. W. Pennell 4228 > August 
i6(P,Y). 

Texas. Harris: La Porte, G. L. Fisher 643 > August 15 (U). 

()a. Chamaecrista mississippiensis ^ 

Chamaecrista UUoralis Pollard, Proc. Biol. Soc. Wash. 15: 20. 
1902. ^‘Type, No. 371,572 in the United States National 
Herbarium, collected by Prof. S. M. Tracy and Prof. F. E. 
Lloyd on Breton Island, La., August 17, 1900 (No. 198).’’ 
Type seen in the herbarium of the United States National 
Museum. 

Stems mostly stouter, 4-8 dm. tall, erect. Leaflets 7“T5 mm. 
long. Pedicels hirsute with spreading, sometimes also with shorter 
incurved hairs. Legumes hirsute-pubescent. Otherwise as in 
the species. 

Sandy soil, in the Coastal Plain, mostly near the Gulf coast, on 
dunes and in pine-land, western Florida to eastern Texas. 
Florida. Wakulla: St. Marks, F. Rugel > June (Y). 
Alabama. Mobile: Hollanders Island, F. W. Pennell 4306 

> September 2 (P, Y) ; Theodore, F. W. Pennell 4444 > August 
3 o(P,Y). 

Mississippi. Clarke iShubuta, C. Schuchert > October ii (IJ). 
Harrison: Cat Id., F, E. Lloyd & S, M. Tracy 183 S August 26 
(U, Y). Jackson: Horn Id., S. M. Tracy 6Q27 > July 14 (U). 
Wayne: Waynesboro, C. L. Pollard 121*/ > October 8-9 (U, Y). 
Louisiana. Calcasieu: Lake Charles, 5 . M. Tracy 

> August 7 (U). Plaquemines: Breton Island, F. E. Lloyd 
5 . M. Tracy ig8 p.p. < August 17 (U, Y.). 

Texas. San Augustine: San Augustine, G. L. Crocket (U). 
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10. Chamaecrista puberula Greene 

Chamaecrista puberula Greene, Pittonia 5: 134. 1903. 

Galveston Island [Texas], 23 Sept. 1901 [S. M. Tracy]. 

Co- type of Tracy, 77P7, seen in the herbarium of the New York 

Botanical Garden. 

Annual. Stem erect, 4-8 dm. tall, puberulent with ascending- 
incurved hairs. Stipules lanceolate-acuminate, nerved, puberu- 
lent, finely ciliate, 4-5 mm. long.' Petioles 3--6 mm, long, puberu- 
lent with incurved hairs. Petiolar gland single, short-pediceled 
to sessile, discoid to slightly saucer-shaped, 0.5-1 mm. wide, dark- 
brown. Leaflets ten to fifteen pairs, 10-18 mm. long, 2-4 mm. 
wide, linear-lanceolate, acutish to acute-mucronate, densely puber- 
ulent, not ciliate, midrib evident, elsewhere obscurely nerved, 
Bracteoles 1-2 mm. long, lanceolate-ovate. Pedicels one to three 
in a fascicle, 5-20 mm. long, puberulent with incurved hairs. 
Sepals 6-8 mm. long (in the bud shorter than the petals), ovate- 
lanceolate, acute to short-acuminate, pubescent. Petals 10-15 
mm. long, anterior slightly exceeding laterals. Stamens 10, 
unequal, 2 longer; anthers 4-5 mm. long, deep purple. Legumes 
5-6 cm. long, 4-5 mm, wide, appressed-puberulent. Seeds eight 
to fourteen, 3.7-4 mm. long. 

Moist to dry sandy soil, southern Texas. 

Texas. Colorado : Sheridan, F. W. Pennell SSSS > September 
21 (P, Y), Dewitt: Cuero, A, H, Plotvell 252 > July 7 (U). 
Galveston: Galveston, F, W. Pennell S574 > September 23 
(P, Y). Lavaca: Hallettsville, G. L. Fisher i2d 5 August (U). 
Nueces: Kings Ranch, V. Bailey 251 > May 10 (U). Robert- 
son : Hearne, F. W. Pennell 5418 > September 1 1 (P, Y) . Webb ; 
Laredo, A. Schott no > June (Y). Wharton: Pierce, S. JF. 
Tracy 77pd > September 16 (U, Y), anther-sacs yellowish or 
reddish. 


II. Chamaecrista leptadenia (Greenmail) Cockerell 

Cassia leptadenia Greenman, Proc. Amer. Acad, 41: 238. 1905. 

^'48 km. east of El Paso, May to October, 1849, Chas. WrighC 
no. 154 (hb. Gray).” Co-type seen in the United States 
National Herbarium. 

Chamaecrista leptadenia Cockerell, Muhlenbergia 4: 68. 1908. 

Annual. Stem erect, slender, 1-5 dm. tall, sparingly branched, 
puberulent dn lines with dncurved tO' -spreading 'hairs, Stipules 
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liiiear-atteniiate, g-labrous or nearly vso, conspicuoiLsIy eiliat-cy 
iierx'ed, 5-7 nim. long. Pet.ioles 2-5 inm. longs l)iiberulent; with 
incurved hairs. Peliolar gland single, stalked, discoid, 0.2-0. 3 
Him. wide, nearh^ lilack, stalk lirown. Leailets twelve to sixteen 
pairs, 8-12 mm. long, 1-2 mm. wide, oblong-linear, aciitish, 
iiiiicronate-tipped, glabrous, strongly ciliate, obscurely nerved. 
Bracteoles 1-1.7 mm. long, lanceolate. Pedicels one or two in a 
fascicle, 3-5 mm. long, appressed-puberulent. Sepals 4-5 mm. 
long, lanceolate, acuminate, hirsute. Petals 3-6 mm. long, 
anterior twace exceeding laterals. Stamens uiiec}ual; anthers 2 
mm. long, yellow (?). imgumes 3“"4.2 cm. long, 3-4 mm. wide, 
appressed-puberulent. Seeds ten to eighteen, 3 mm. long, very 
thin, liglit-brown. 

Dry soil, western Texas to southeastern Arizona. 

Texas. El Paso: C. Wright 154 (U). Presidio: Chenates re- 
gion, G. C. Nealley 541 (U). 

New Mexico. Dona Ana: Organ Mountains, E. 0, Wooton 
4J5 < September i (Y). Luna: Floridas, A. L Mtdjord lojSa 

> August 2 (Y). 

Arizona. Cochise: Bowue; Chiricahiia Mts., J. C Blum er 2086 

> August 30 (U); Fort Huachiica; Tucson. Pima: Santa Rita 
Mountains, D. Griffiths Sf J. J. Thofjiber 212 (U, Y), 

12. Chamaecrista NiCTiTANs (L.) Moeiich 

Cassia nicMtans L. Sp. PL 380. 1753. ^‘Habitat in Virginia.” 

Typified by L. Hort, Cliff, 497. pLjd, 1737, where an excellent 
description and figure are given. 

Cassia procumhens L. Lc, 380. 1853. ''Habitat in Incliis.” 

Based wholly upon “Cassia americana procumbens, herbacea, 
miniosae foliis, floribus parvis, sili(.|uis angustis, planis,” A. J. 
A[mmann], Comm. Petrop. 12: 238-242 (cited erroneously 
by Linnaeus as “Comm, petrop. t. ii’'). This is fully de- 
scribed and is unquestionably Chamaecrista nictiians (L.) 
Moench. The type-locality is stated “circa Philaclelphiam 
urbem in Pensylvania, Americae septentrionalis provincia, 
sitara,.” There appears to have been no specimen in the 
Linnean herbarium in 1753, and the speciesds not checked by 
Linnaeus until his third list in 1767. The West Indian plant 
known until recently by this name has been elescribed by Dr. 
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Britton as Chamaecrista micrantha Britton, Bull. Torrey Club 
43:463. O 20 1916. 

Chaffiaecrista nictitans Moench, Meth. 272. 1794. 

Nictitella amxna Raf. Sylv. Tellur. 128. 1838. New name for 

Cassia nictitans L., type of the genus Nictitella Raf. 

Cassia Chamaecrista nictitans Kuntze, Rev. Gen. PL i : 169. 1891. 

Chamaecrista nictitans commixta Pollard & Maxon, Proc. Biol. Soc. 
Wash. 14: 163. 1901. “Type in U. S. National Herbarium, 

No. 357,069, collected by Charles L. Pollard and William R. 
Maxon in alluvial soil along the New River at Quinnimont, 
W. Va., August 21, 1899 (No. 31).'’ Type seen in the United 
States National Herbarium. 

Cassia nictitans commixta Millsp. W. Va. Geol. Surv. 5 : 283. 1913. 

Annual. Stem erect, 1-4 dm. tall, much branched, puberulent 
with incurved hairs. Stipules lanceolate-attenuate, glabrous or 
nearly so, ciliate, nerved, 5-8 mm. long. Petioles 4-9 mm. long, 
puberulent with incurved hairs. Petiolar gland single, shortly 
below proximal leaflets, stalked, discoid or nearly so, 0.3-0. 8 mm. 
wide, dark-brown. Leaflets nine to eighteen pairs, 7-15 mm. long, 
2-4 mm. wide, oblong-linear, obtuse, mucronate, glabrous, not 
ciliate, paler beneath, obscurely nerved. Bracteoles 1.5-2 mm. 
long, lanceolate. Pedicels one to two or three in a fascicle, 2”4 
mm. long, appressed-piiberulent. Sepals 3-4 mm. long, lanceo- 
late, acuminate, puberulent on the midrib. Petals 3-8 mm. long, 
anterior twice exceeding laterals. Stamens unequal, five; anthers 
2 mm. long, pinkish. Legumes 2.5-4 cm. long, 4-6 mm. wide, 
appressed-pubescent. Seeds six to nine, 3 mm. long, thick, dark- 
brown. 

Sandy soil, or sterile soil, frequently along roadsides, probably 
near the borders of its range introduced, southern Vermont and 
Rhode Island, to eastern Kansas, Georgia and Texas. 

Vermont. Windham: Vernon, A. /. Groat > August 6, (U). 
Reiode Island. Providence: Elmwood, J. F. Collins > 
August 25 (U). 

Connecticut. Fairfield: Bridgeport, £. IL Eamss < Sep- 
tember 14 (U). , 

New York. Westchester: Mount Kisco, F, W. Fennell 
6713 < September 26, (Y); also Albany, Bronx, Orange, Putnam, 
Queens,, Rensselaer, Richmond and Suffolk Counties. 
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New Jersey. Bergen: Alpine, F. IP. Pemiell 6^32 < Sep- 
tember 12 (Y) ; also Atlantic, Burlington, Camden, Cape May, 
Cdoiicester, Middlesex, Morris, Ocean and Sussex (dounties. 

Pennsylvania. Chester: Unionville, F. ‘ W. FenneJl pg 2 

< October 3 (A); also Beaver, Berks, Bucks, Delaware, Lancaster, 
Lehigh, Montgomery, Northampton and Philadelphia Counties. 

Delaavare. Sussex: Milton, A. Commons > August 17 (A); 
also Kent and Newcastle Counties. 

Maryland. Queen Anne: E. G, Vanatta > August 29 (A), 
Virginia. Augusta: Staunton, W. A. Mur rill < Se|)teml)er 5 
(Y); also Botetourt, Hanover, and Princess Anne Counties. 

West Virginia. Iniyette: Qiiinnimont, C. L. Pollard & PF. R, 
Maxon 31, jg 5 August 21 (U, Y) ; also Ritchie County. 

North Carolina. Buncombe: Biltmore, Bilim ore Ilerbarimn 
i8ib > August 14, < September 28 (P, U, Y); also Cherokee, 
Craven, Haywood, Iredell, Orange, Polk and Swviin CountievS. 
Pasquotank: ElizaPieth City, F. L. /. Boettcher 2 Qi > August 26 
(U, Y) (leaflets but 6-7 mm. long and pubescence of upper part 
of stem spreading; perhaps a coastal form). 

South Carolina. Pickens: Six Mile Creek, //. D. House 3078 

< October 22 (U). 

Georgia. Chattooga: Summerville, C. L. Pollard ik W. R, 
Maxon 435 > August 7-8 (U). DeKalb : Stone Mountain, C\ L. 
Pollard & IF. R. Maxon 463 > August 10-12 (U). Whitfield: 
Dalton, R. M, Harper jpS > August 10 (U, Y). 

Alabama. Clay: PZlders, C. Mohr > July 30 (U). Dekalb: 
Mentone, C. Mohr > September i (U). Lee: Auburn, F, S, 
Earle > September 12 (Y). 

Mississippi. Claiborne: Martin, /. PF. White 2Q44 > Sep- 
tember 12 (U), Oktibbeha: Starkville, 5 . M, Tracy 1422 < Sep- 
tember i (U, Y). 

Tennessee, Knox: Knoxville, A. Ruth 2gi < August (Y). 
Kentucky, Bell: Pine Mt., T, FL Kearney 4g6 < September 
(IJ) ; also Lyon County. 

Opiio. Fairfield: Lancaster, PF. A. Kellermann > August 18 
(U). 

Indiana. Lake: Tolleston, V, H. Chase 2g8 < September 23 
(A).; 
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Illinois. Henderson: Oquawka, H, N. Patterson (U). 
Missouri. Barry: Eagle Rock, B. F, Bush 44 < September 
28 (U, Y); also Greene, St. Louis and Scott Counties. 

Kansas. Cherokee: A. S, Hitchcock 668 (U, Y). 

ArkanSx^s. Benton: E, N. Plank (Y). Pulaski : Little Rock, 
FI. E. Hasse > August 26 (Y). 

Oklahoma. Le Flore: “9 m. west of Fort Smith,” J. M. 
Bigelow (U). 

Louisiana. Rapides: Alexandria^ /. Hale (Y). West Feli- 
ciana: Catalpa, F. W. Pennell 4278 > August 21 (P, Y). 

Texas. Burnet: Marble Falls, F. N. Plank > August 10 (Y). 

12a. ChAMAECRISTA NICTITANS ^ 

Cassia muliipinnata Pollard, Bull. Torrey Bot. Club 22: 515. pi. 
250. 1895. No type indicated, and first specimen listed, 

Curtiss 712 (cited as *‘512 ”), is composite, consisting of plant 
described and in part of Chamaecrista aspera. Second specimen 
cited, ^'Near Jacksonville, A. H. Curtiss, North American 
Plants . . . second distribution, No. 5157, September 15, and 
October 27, 1894,” taken as the type. Type seen in the 
herbarium of the United States National Museum. 

Cassia muliipinnata Nashii Pollard, Lc. 515. 1895. “Collected 

in low pine woods, River Junction, Gadsden Co., Florida, by 
Mr. Nash, Sept. 5, 1895 (2577).” Type seen in the herbarium 
of the New York Botanical Garden. 

Chamaecrista muliipinnata Greene, Pittonia 3 : 243. 1897. 

Stem 1-5 dm. tall. Stipules linear-attenuate. Leaflets fifteen 
to twenty-six pairs, 1-2 mm. wide. Legumes 4-5 mm. wide. 
Seeds six to twelve. Otherwise as in the species. 

Sandy soil, in the Coastal Plain, especially in the pine-land, 
South Carolina to southern Mississippi. In the long-leaf pine- 
land replacing the species, of which it may be no more than an 
ecological form. 

South Carolina. Aiken: Aiken, H. W. Ravenel (U). 
Georgia. Bibb: Macon, J. M, Green (A). Brooks: Quitman, 
R. M. Harper 1632 > September 13 (U, Y). Burke: M. H 
Hopkins ig > September 9 (Y). Sumter: Americus, AVAf. Tracy 
jgSS >* August 20 (U). 
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Florida„ Alachua: Gainesville, II. S, Fawceti < November 
(P). Duval: Jacksonville, A. IL Ciirliss 5157 > Septenil)er 15 
(U). Gadsden: River Junction, G. V. Nash 2^77 > September 5 
(A, Y). Leon : Idillahassee, G. V, Nash 2403 > August 12 (I I, Y). 
Wakulla: St. Marks, F. Rngel jgg > September (lb- 

Alabama. Baldwin: Daphne, C. Mohr > August i8 (U), 
Cullman: Ryans Creek, C. Mohr < August 6 (U). Lee: Auburn. 
C. F. Baker ji < October 10 (Y). Mobile: Theodore, F. IF. 
Fennell 4443 > August 30 (P, Y). 

Mississippi. Clarke: Shubita, C. Schiichert < October ii (IJ). 
Harrison: Pass Christian, F. W. Pennell 4362 > August 27 (P, Y). 
Jackson: Ocean Springs, S. M. Tracy 4434 > August 20 (U). 
Simpson: Saratoga, S. M. Tracy 8303 > August 6 (P, U, Y). 

12b . ChAMAECRISTA NICTITANS y 

Cassia aspera Mohrii Pollard, Bull. Torrey Club 24: 151. 
Mar. 30, 1897. ‘‘Type in the herbarium of the U. S. GeoL 
Surv. of Alabama, collected in Mobile in 1878 by Dr. Mohr.’^ 
Probable co-type, lacking statement of date, seen in the 
United States National Herbarium. 

Chamaecrisia aspera Mohrii Pollard; Heller, Cat. N. Ain. PL 2d 
ed. 5. Nov. 10, 1900. . 

Stem 3-5 dm. tall, densely puberulent to spread ing-pubcvscent. 
Stipules more ciliate, 8-10 mm. long. Leaflets 18*23 pnirs, 9-1,2 
mm. long, 2 mm. wide, narrowly oblong-linear, acute, strongly 
mucronate-tippcd, puliescent with incurved luiirs. Sepals hirsute- 
pubescent, especially on midrib. Legumes more hirsute. Other- 
wise as in the species. 

Sandy soil in the Coastal Plain, southern Georgia to Louisiana 
and southern Arkansas. Insufficiently known, liut probalily not 
specifically distinct. 

Georgia. Decatur: E. A. Smith (LT). 

Alabama. Mobile: Mobile, C. Mohr (U). 

Arklvnsas. Miller: Texarkana, 4 . A. df E. G, Heller 4134 
> August 23 (A, U, Y). 

Louisiana, Caddo: Shreveport, Gregg > September 6 (IJ). 
Rapides: Alexandria, J. Hah (Y). 
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13. Chamaecrista aspera (Miihl.) Greene 

Cassia aspera MiihL; Ell. Bot. S. C. & Ga. i : 474. 1821. '‘On 

Ediiig's island near Beaufort [South Carolina], common.'' 
Type not seen nor verified, but description sufficiently indicates 
this plant. 

Nictitella aspera Raf. Sylv. Telf. 128. 1838. 

Chamaecrista aspera Greene, Pittonia 3: 243. 1897. 

Annual. Stem erect, 3-7 dm. tall, branched, strigose-hirsute 
with spreading hairs, below mostly also puberulent with some 
shorter incurved hairs. Stipules lanceolate-attenuate, conspicu- 
ously ciliate, nerved, 8-1 1 mm. long. Petioles 2-“5 mm. long, 
hirsute, as well as the rachis, with spreading hairs. Petiolar 
gland single, shortly below proximal leaflets, stalked, truncate, 
scarcely wider than the stalk, 0.15-0.25 mm. wide, brown or dark- 
brown. Leaflets fifteen to twenty-seven pairs, 8-15 mm. long, 
1.5-2 mm. wide, narrowly oblong-linear, acute, strongly mucronate, 
glabrous, not ciliate, slightly glaucous beneath, obscurely nerved. 
Bracteoles 1.5-2 mm. long, lanceolate. Pedicels one to two or three 
in a fascicle, 3-4 mm. long, appressed-puberulent. Sepals 3-5 
mm, long, lanceolate, acuminate, strigose-hirsute on the midrib. 
Petals 3”7 mm. long, anterior nearly or twice exceeding laterals. 
Stamens unequal, seven to nine; anthers 2 mm. long, “yellow.” 
Legumes 1.5-2. 5 cm. long, 4-5 mm. wide, strigose-hirsute. Seeds 
three to eight, 2.5 mm. long, 2 mm. wide, thick. 

Sandy soil, hammocks, fields or in pine-land, peninsular Florida, 
extending northward along the Atlantic coast to southern South 
Carolina. 

Florida. Dade: Miami, N. L. Brittofi 456 > April 4 (Y). 
Duval: Jacksonville, A. li, Curtiss 515^ > September 19 (U, Y). 
Hillsboro: Tampa, N. L. Britton Sf P. Wilson 82 > August 25 (Y). 
Lake: Eustis, U. V, Nash 1717 > August 16-25 (A, U, Y). Lee: 
Alva, A, S. Hitchcock 56 (U, Y). Manatee: Perico Id., S’. If. 
Tracy 7244 > May 14 (U, Y). Monroe: Key West, Blodgett 
(U, Y), Orange: Clarcona, M. Meislahn jy > September 19 (U). 
Pinellas: St. Petersburg, Mrs. C, C. Beam 27$! > September 18 
(U, Y). 

13a. Chamaecrista ASPERA ^ 

Cassia Simpsoni Pollard, Bull. Torrey Club 21: 221. 1894. 

“Florida — Big Pine Key, Simpson (May, 1891), No. 174. 
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Type, three specimens in the National Herbarium, collected 
by Mr. J. H. Simpson.” Type seen in the Uiiitecl States 
N ational Herbarium. 

Chamaecrista Simpsoni Pollard; Heller, Cat. N. A. PL 2d ed. 5. 
1900. 

Stem spreading, 1-3 dm. tall, diffusely branched, pul)erulent 
with iiiCLirvx'd hairs below or throughout, hirsute with longer hains 
only above or rarely throughout. Leaflets 9-19 pairs, 5-11 mm. 
long. Pedicels 2“3 ram. long. — Otherwise as in the species, with 
which it seems to completely intergrade. Pine-lands, extreme 
southern Florida. 

Florida. Dade: Cocoanut Grove, iV. L. Britton 285 S March 
26 (Y) ; Fort Dallas; Homestead; Miami. Monroe: Big Pine Key, 
F. IF. Pennell P554 5 May 2 (Y); Boca Chica, F, W. Pennell 
gdij > May 15 (Y); Cudjoe, F. W. Pennell pjyd 5 May 5 (Y); 
Key West; Little Pine Key; No Name Key. 
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Amy, L. W. Breeding for atropine. Jour. Heredity 8: 164-167. 

/. 6 . Ap 1917. 

Bailey, L. H. The Standard Cyclopedia of Horticulture 6: i-v+3043- 
3639. pi, I0I-J20+/. 35^6-405^^ 1917 - 

Berry, E. W, Contributions to the Mesozoic flora of the Atlantic 
coastal plain, XH — Arkansas. Bull. Torrey Club 44: 167-190. 
pi. 7. 16 Ap 1917. 

Dewalquea insigniformis and Menis pet mites integrifolia, spp. nov., are described. 

Berry, E. W. A middle Eocene member of the “ Sea Drift.” Am. 

Jour. Sci. 43: 298-300./. I. Ap 1917. 

Berry, E. W, Notes on the history of the willows and poplars. Plant 
World 20: 16-28./. I. Ja 1917. 

Bethel, E. Fuccinia subnitens and its aecial hosts. Phytopathology 7: 
92-94. Ap 1917. 

Boynton, K. R. Buddkia Davidi. Addisonia 2: 9, 10. pL 45. 31 Mr 

1917- 

Brandegee, T. S. Plantae mexicanae purpusianiae. — VIIL Univ, 
Calif. Publ. Hot. 6: 363-375. 23 Mr 1917. 

Includes description of thirty new species. 
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Britton^ L. Pef^ernwia obtiisifolia. Addisonia 2: i<), 20. /^Z. 50. 
31 ]\lr i<)i7. 
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Jour. Bacteriology 2: 155-164. l\Ir 1917* 

Burkholder, W. H. The perfect stage of GlocoKporiuni venetiim. 
Phytopathology 7: 83-91./. 1-3. Ap 1917. 

Includes descriptions of Flcctodiscclla vcnela sp. novo 
Buscaiioni, L., & Muscatello, G. Studio anatomod.)io!ogico sul (k*u. 
‘‘ Saurauia ” Willd. con .specialc riguanh^ alle specie americane. 
IMaipighia 27: 325-356. 1916. 

Buscalioni, L., & Muscatello, G. Studio monognihco sidle Specie 
Americane del Gen. Saurauia Willd. Ma.l[jighia, 27: 293“-324. 
1916; 487-502. 1916. 

Chase, A. Rev. E. J. Hill. Rhodora 19: 61-69. 17 Ap 1917. [I\)r- 

trait.] 

Conn, H. J. Soil flora studies. Part 11 . Jour. Bactcriiylogy 2; 137- 
154. Mr 1917. 

Cook, M, T. Report of the department (,)f plant |)athology.. New 
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Davidson, J, Selective permeability and the plasirui-nieinbrane. 
Plant World 19; 331-394. N 1916. 

Elliott, J. A. The sweet potato '‘soil rot” or ” pox,” a slime mold 
disease. Delaware Agr. hlxp. Sta. Bull. 114: 1-25. pL /-jT-/. i-rp 
N 1916. 

Evans, A. W. Notes on the genus llerheHa^ with a revision of the 
species known from Europe, Canada and the Unit(‘d States. Bull. 
Torrey Club 44: 191-222. pL 8+f. i-2g. 16 Ap 1917, 

IncUules Ilerherki Ilutchinsme^ and 77, tmuis, spp. nov. 

Fernald, M, L. Two new maritime plants of northeastern North 
America. Rhodora 19: 76. 17 Ap 1917. 

Fernald, M. L. The variations of Polygonum pemisylvanicuni, Rho- 
dora 19: 70-73. 17 Ap 1917. 
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iindulata Fr. , Hot. Gaz. 63: 282-296, pL //, 18, 16 Ap 1917, 
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Fredj E. & Graiilj E. J. The gain in nitrogen from growth of legumes 
on acid soils. Wisconsin Agr. Exp. Sta. Research Bull. 39: 1-42. 
pi. 7, I- 1 6. O 1916. 

G alio way y B. T. Newton B. Price, Phytopathology 7; 143, 144. Ap 
1917. 

GateSj R. R. A revision of the genus Folygonalum in North America. 

Bull. Torrey Club 44: 1 17-126. pi. 4-6. 27 Mr 1917 
Oreenman, J. M. Monograph of the North and Central American 
species of the genus Senecio — Part 11 . Ann. Missouri Bot. GarcL 
4: 15-36. pL 4. F 1917. 

Four new species arc described. 

Hansen, A. A. Natural dwarfing. Jour. Heredity 8; 160-162./. 4, 5. 

Ap 1917. 

Harper, R. M. Some undescribed prairies in northeastern Arkansas. 

Plant World 20: 58-61./. i, 2. F 1917. 

Harrington, W. H. Notes on some Ottawa district plants. Ottawa 

Nat. 30: 133-143. F 1917. 

Harris, J. A, The application of correlation formulae to the problem 
of varietal differences in disease resistance: data from the Vermont 
experiments with potatoes. Am. Nat. 51: 238-244. Ap 1917. 
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vsiliza caloide solidihcacla. Bob Dir. Estud. Biol, i: 632-636,/. 2-3. 
S 1916. 
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Humphrey, H. B. Pnccinia gliimanim. Phytopathology 7: 142, 143. 
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Jones, D. F. Dominance of linked factors as a means of accounting 
for heterosis. ' Proc. Nat. Acad. Sci. 3: 310-312. 15 Ap 1917. 

Jones, L. R. Lightning injury to kale. Phytopathology 7: 140-142. 
/, J. Ap 1917. 

Kenoyer, L. A. Environmental influences on nectar secretion. Bot. 
Gaz. 63: 249-265. 16 Ap 1917. 

Kligler, I. J. The evolution and relationship of the great groups of 
bacteria, Jour. Bacteriology 2: 165-176. Mr 1917. 

Lee, H. A. A new bacterial citrus disease. Jour. Agr. Research 9: 1-8. 
pL A I, 2. 2 Ap 1917., 



31)6 


Index to American botanical literature 
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stituents of solid vsmelter wastes on barley growth in pot cultures, 
Univ. Calif. Publ. Agr. vSei. i: 495”5^7. 26 Mr 1917. 

Livingstoiij B. E, A quarter-century of growth in plant physiology. 
Plant World 20: 1-15. Ja 1917. 

Lloydj C, G, Mycological notes — No. 45: 622-636./. S'Sj-gop -f por- 
trait. Ja 1917. 

Contains notes on rare specicvs of fungi received from corrcspoiidenis. 

Lloyd, C. G. AJycological notes — ^No. 46: 638-652./. qio-qj 3 + par* 
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Lloyd, C. G. Synopsis of some genera of the large Pyrenomycetes. 
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MacCaughey, V. An annotated list of the forest trees of the Hawaiian 
Archipelago. Bull. Torrey Club 44: 145-157. 27 Mr 1917. 
MacCaughey, V. The genus Artocarpus in the Plawaiiau Islands, 
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MacCaughey, V. The orchids of Hawaii. Plant World 19: 350-355, 
N 1916. 

Mains, E. B. Species of Melampsora occurring upon Euphorbia in 
North America. Phytopathology 7: iai-105. -^P IPW* 
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Mattoon, W. R, Pinus carihaea: an extension of range in Louisiaiui. 

Torreya 17: 49-52./. /, 2. 17 Ai> 1917* 

Mate, J. A PImoctonia of the fig. Phytopathology 7: 110-117. pL 2 
+f. i-L Ap 1917. 

RhizocUmki microscleroiea sp. nov. 

McCuhbin, W. A. Contributions to our knowledge of the white pine 
blister rust. Phytopathology 7: 95-100./. x. Ap 1917. 

Metcalf, F, P., & Griscom, L, Notes on rare New York state plants. 
Rhodora 19: 48-55. Mr. 1917, 

Millspaugh, C. F. Trichosterigma henedictum. Addisonia 2: 3, 4. 
pL 42, 31 Mr 1917. 

Nash, G. V,, Avelia grandiflora. Addisonia 2: 17, 18, pL 4g. 31 Mr 

1917. 
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Nashj G. V. Benthamia japonica, Addisonia 2: 5, 6. pL 43 , 31 Mr 
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Nashj G» V. Gongora truncata alba, Addisonia 2: ii, 12, pL 46 . 
31 Mr 1917. 

Nashj G. V. Hardy woody plants in the New York Botanical Garden. 

Jour. N. Y. Bot. Card. 18: 65-68. Mr 1917. 
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Orton, C. R. Diseases of the apple, pear and quince. Proc. Penn- 
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Bull. 169: 1-50. pL I, 2 +f, i-j. Ja 1917. 

Pickett, F. L. Is Pellaea glabella Mett. a distinct species. Am. Fern 
Jour. 7: 3“5* Mr 1917. 

Praeger, R. L. Some new species of Sedum. Jour. Bot. S5- 38-44. 
F 1917. 

Includes Sedum griseum and S. amecamecanum from America. 
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APPENDIX 

^Botrychium tenebrosum a. a, Eaton. 

Three plants deep in the thickets of Herrecator Swamp in 
Sqtiam, July 8, 1912. They grew in a dryish spot in a bed of 
moss (Catherinea angustata Brid.) with a group of six adder’s tongue 
ferns and a single plant of Botrychium virginiamim, all within the 
space of not more than one square foot. The plants were small, 
5-12 cm. high, and bore sporophylls with mature sporanges. 
Their identity has been determined by Miss Margaret Slosson 
at the New York Botanical Garden. Mrs. Britton has given me 
the name of the moss with which they grew. 

^Botrychium dissectum Sprang. 

Polpis, August 20, 1910, herbarium of Miss Grace Brown 
Gardner; Thorn lot, a single plant in damp half shade, June 26, 
1912. 

^Botrychium virginianum (L.) Sw. 

Squam, July 8, 1912, a single plant associated with Botrychium 
tenebrosum. Divisions of sterile segment 17-19 mni. in length; 
fertile segment rudimentary, ' ' , , 

'*P 0 UYPODIUM VULGARE L. . . ‘ ''1'/'''^ 

, 'Reported from Nantucket by Dr. J. A., Cushman ‘(see Rhodpra 
I3‘: 105.' 't9l i). No other one of our coramoneastern ,platits that ; 
have been found on Nantucket was less to be expected thei'e than 
' [The Buli-etin m July r9r74'‘ ''ty',;': 
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this rock''loviiig and woodland fern. The manner of its occiir- 
rence is therefore worthy of attention. Its discoverer, Miss Grace 
Brown Ciardner, wrote me in Aiignst, 1910, that it had t)eeii hnind 
that month among the Miacomet pines not far from where the 
heather grows, ^‘only one small plant wnth less than a dozen fronds, 
and only one fruiting one.” Miss Gardner’vS description of the 
locality enabled me two vSiiminers later, on July 5, 1912, to find 
the station without any difficulty. There were then twm plants 
about six inches apart, one having live, the other four fronds, none 
of them {rearing sori. The plants were in deep shade and grew 
within the rim of a circular depression in the ground alxjut three 
and a half feet in diameter and a foot in depth wliere, long before, 
a tree may have been removed or an excavation made for planting 
one. Similar hollows are to be vscen elscwvhere among the pines, 
which are said to have been set out in 1876. The ferns grew in a 
bed of moss, Rhyndiostegimn serriilatum (Hedw.) Jaeg., deter- 
mined by Mr. R. S. Williams, and overarching them were two 
fronds of Dryopteris spinulosa. Needless to say all were left un- 
disturbed. Notwithstanding the very natural surroundings the 
evidence is clear that the spot had not been unknown to the spade, 
and some connection may l:>e suspected between this and the 
presence of the polypody. Like the heath(‘r it may liave come in 
with the pines, possibly from Europe, or it nmy ha\'c,‘ l)een long 
ago p)lanted there, perhaps by some tourist plant lover visiting 
the heather. 

^Phegopteris PiuuiOPTERiB (L.) IJnderw. 

Phegopteris palypodioides Fee. 

Dense hillside thicket north of tlie Waiiwincd: road towards 
Al)ram’s Point. Here, on June 9, ic)i,2, it grew in great profusion 
thickly covering the ground throughout a space of fully twenty- 
five by fifteen feet and fruiting abundantly. 

Lycopodium obscurum L. 

The var, dendroideum (Michx.) D. C. Eaton was collected west 
of Capaum Pond, May 31, 1909, the strobiles beginning to wither. 
Mrs. Flynn has sent me a specimen collected west of the town 
.August 13, 1911, bearing fifteen well-developed, spikes. 

*^IsoETES Tuckermani A. Br.? 

Professor. W. A. Setchell has very kindly forwarded tome sped- 
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mens of an Isoetes, from the herbarium of the University of Cali- 
fornia, that were collected by him in company with Professor 
W. J. V. Osterhout, in Gibb’s Pond, Nantucket, in the summer of 
1894. ^ quote from Professor Setchelbs letter of transmittal: “We 
found the Isoefes when we were bathing in the pond. It grew in 
water so deep that we could not reach down for it but grubbed it 
out with our toes and collected it as it floated to the surface. My 
impression is that it formed a regular zone at a depth of four or 
five feet. I particularly I'emember that we were in water up to 
about the chin while we were collecting it. None of it grew in 
the more shallow margins. I may add that the bottom of the 
pond was thickly covered with the Iscetes in the zone in which it 
grew.” 

The plant is the smallest and most delicate form of Isoetes 
that I have ever examined. Although it is quite probable that 
it is correctly referred to I. Ttickermani it is scarcely well enough 
matured to permit of conclusive determination. Mrs. Britton, 
who has examined the gynospores under high power, gives me the 
following particulars: “Size, 415 not pitted, slightly roughened” ; 
Miss Margaret Slosson, -who has studied the vSpecimens, reports 
as follows: “Impossible to determine by the macrospores as they 
are too immature to show their characters ; but the spots ‘ scattered, 
i-few-celled’ on the sporangia show distinctly and indicate J. 
Tiickermmiiy 

*PlNUS Strobus L. 

A single tree was discovered July 9, 1912, among an extensive 
growth of pitch pines less than a half mile south of the County 
Fair grounds. It was about ten feet in height and was formed of 
several clustered trunks, actually erect branches that had replaced 
an original trunk, the stoutest one measuring seventeen and one 
half inches in circumference near the base; the lowest branches 
lay firmly along the ground, spreading fully thirty- five feet in 
their widest extent. The undisturbed surroundings vscarcely allow 
it to be supposed that this tree was deliberately planted, and how 
it came to Nantucket remains a mystery. A chance introduction 
by seed seems quite possible, perhaps through the agency of some 
bird that, like the crossbills or the Canada nuthatch, feeds 011 the 
seeds of conifers. 
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Note . — The Labrador or jack pine {Pinus Banksiana Lamb.), 
which has been planted at Wauwinet, has been mistakenly at- 
tributed to Nantucket as a native tree (see Rhodora i8: 241-242. 
1916). 

*Sagittaria rigida Pursh. 

Collected in Polpis, August 20, 1899, in flower and fruit, by 
Mrs. Nellie F. Flynn, who has kindly sent me a specimen from her 
herbarium for examination. 

*Echinochloa muricata (Michx.) Fernald. 

This well-defined segregate from E. cnisgalli, recently re- 
stored to recognition by Professor Fernald (Rhodora 17: 105-107, 
1915), belongs to the flora of Nantucket although its exact status 
there remains to be determined. I have collected it near the town, 
and have seen a specimen in Miss Gardner’s herbarium. It is 
locally common on Martha’s Vineyard. 

Panicum virgatum L. 

A well-marked smaller form of this species, described in Part 
II of this paper (Bull. Torrey Club 3$: 184. 1908), answers per- 

fectly to the description of Panicum virgatum cubense Griseb. in 
Hitchcock & Chase, North American Species of Panicum (Contr. 
U. S. Nat. Herb. 15: 92. 1910). This form seems not to have 
been reported from east of Connecticut. 

*Panicum t.sugetorum Na,sh. 

Common in exposed sandy places and among open growths of 
oak and pine. The Nantucket plant is not the typical form 
described by Nash, but the stiffer and stouter more imbescent 
plant defined by Hitchcock & Chase. On Nantucket it i.s mtich 
more common than P. cohmUanum. Examples of each in whieli 
their differences are well expressed appear like perfectly sepa- 
rable species, but perplexing intermediates are so frequent that 
a broad treatment could scarcely present them as being unequiv- 
ocally distinct. Occasional densely tufted very pubescent forms 
with smaller closely flowered panicles of more numerous and 
smaller spikelets suggest hybridization with P. oricola. Slender 
and narrow-leaved forms with small panicles and spikelets seem 
to be quite intermediate with P. meridiomle Ashe. 
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Panicum columbianum Scribn. 

The var. thinium Hitchc. & Chase is recorded from Nantucket 
in their North American Species of Panicum (p. 249), on the basis 
of specimens collected by me in 1899 and 1904. I have myself no 
clear conception of this plant. The specimens cited, and others 
since collected, more or less similar, suggest aberrant forms of P. 
meridionale or of P. albemarlense. 

^Panicum oricola Hitchc. & Chase. 

^Tanicum albemarlense Ashe. 

Earlier in this paper these grasses were included in P. mend- 
ionale. Transition between all three is, I think, perfectly ob- 
vious, but there is, nevertheless, the paramount fact that each 
in its true development upholds a well-defined type recognizable 
unmistakably everywhere in the field. We do not know that hy- 
bridization may not have been at work releasing the connecting 
forms but, however this may be, it would seem that a frank recog- 
nition of what nature has been careful to produce on an extensive 
scale must accept these closely related grasses as being essentially 
distinct. 

P. oricola is more especially confined to sterile sandy tracts 
often along shores. In damper soils among taller vegetation it 
develops elongated leafy culms and shows a marked departure 
from its usual habit. Certain examples difficult to assign have the 
appearance of being hybrids, with P. meridionale^ and occasional 
stout forms even suggest involvement with P. tsugetonm>, 

P, meridionale is the most common and generally distributed 
of the three and abounds amid the low herbage of the plains and 
commons all over the island. A very small and delicate form of 
this species, if such it be, collected in dryish places along thickets 
in Tom Never's Swamp is especially to be remarked. P. merid- 
ionale, like all of its local group, appears everywhere to be 
perfectly constant in its character of obviously pubescent spikelets. 
In this small form the spikelets are either quite lucid and glabrous 
or with a very few mostly basal or marginal hairs; the panicles 
are very small and few-flowered and, with the culms, less piiberu- 
lent than in the species, or essentially glabrous. 

P, albemarlense more than the 'Others /passes, into, umbigupus 
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forms appearing to intergrade variousU^’ with P. msridionale, Irut 
characteristic exami)les stand well apart. 

A series of specimens of all three species has been verified l')y 
Professor Hitchcock and Mrs. Chase. 

'Tanicum auburnae Ashe. 

Collected in Squam, at Snrfside and in the pine barrens. 
Specimens have been determined by Professor Hitchcock and Mrs. 
Chase. Compared with a series from Long Island the Nantucket 
plant is less copiously velvety-villous, the nodes not so conspicu- 
ously white bearded and the culms less elongate and declined. 
Professor Hitchcock writes me that these Nantucket and Long 
Island specimens are the first he has seen from the coastal region 
north of Virginia. Certain less typical examples from Nantucket 
seem to approach P. albemarlense. 

^'Panicum implicatum Scribn, 

In low grounds, apparently scarce. Little Neck, June 22, 
1910; Thorn lot, June 17, 1910. 

Panicum HITACHUCAE Ashe. 

The var. sylvicola Hitclic. & Chase, of a lax and slender form, 
was collected on a shaded bank in Squam, June 8, 1912. 

^Panicum scoparium Lam. 

Collected by Miss Grace Brown Gardner in Polpis, August 24, 
1915; excellent specimens arc preserved in Miss Gardner's her- 
barium. A most interesting addition to the Nantucket flora, 
connecting the Martha's Vineyard and Cape Cod stations when; 
alone this southern grass was previously known in New Eng’land. 

’'^Arrhenati-ierum elatius (L.) Beauv. 

Sparingly in a field below the CliflF, June 15, 1910, and in Macle- 
quet, far from any cultivated ground, June 17, 1911. 

'Festuca ovina L. 

Examples of the var. Uspidula Hack., having the lemmas rather 
densely hirsute, are occasionally met with in and near the town. 

FestucIa rubra L. 

Not! infrequent examples, doubtless introduced, differ from the 
native plant, by their blue-glaucous coloring and stiffer leaves, as 
well as, i^n other less obvious characters, 'and appear to be referable 
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to the var. glaticodea Piper, according to Piper's description 
(Contr. U. S. Nat. Herb. lo: 22. 1906). I am inclined to think 

that our native salt marsh grass commonly referred to F, rubra 
is distinct from the European plant and should stand as Festuca 
glabra Sprang. 

*Festuca elatior L. 

F. arundinacea Schreb. 

Very typical examples of the tall fescue grass were collected 
June 18, 1910, by a fence along the railroad on Washington Street, 
the larger panicles 47 cm. in length, the spikes 15--17 mm. long, 
and leaves as broad as 1.5 cm. Also found on Easton Street, 
Junes, X911. 

Although the distinction between the tall fescue and the 
meadow fescue (F. pratensis Huds.) is not now commonly recog- 
nized, their differential characters are too pronounced to be justly 
disregarded. These differences are well brought out in the de- 
scriptions of both species in the first edition of Gray's Manual. 

Bromus hordaceus L. 

Forms having the spikelets glabrous or nearly so are doubtless 
to be referred to the var. leptostachys (Pers.) Beck (var. glabrescens 
[Coss.] Shear). It is abundant by roadsides near the railroad in 
the suburbs of the town, 

Bromus commutatus Schrad. 

Brant Point Road; above the Cliff; Island View Farm; coming 
into flower early in June. Bromus racemosus L., included earlier 
in this list, should doubtless be referred to a small form of 5 , 
commutatus, if the two are held to be distinct. 

’^SciRPUS Olneyi Gray. 

Sparingly in a salt marsh along a thicket near Abram's Point, 
not yet fully mature June 2, 1909. 

^SciRPUS NOVAE-ANcmiAE Britton. 

Abundant along the inlet to Coskaty Pond, June 12, 1911 ; a 
well-established colony at Squam Pond varying in extent in dif- 
ferent years; spikes appearing June 10, 1911, not yet fully devel- 
oped June 20, 1910; in full flower July 4, 1912. Also collected in 
Squam by Miss Gardner, September 2, 1913, then in mature fruit. 
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’^*ScTRPus Eriophof^um Michx. 

Miss Gardner’s herbarium contains a perfcx'tly typical speci-” 
men of this Scirpus collected in Polpis, Septeml)er 6, U)i5» 

'KI'Vrex laevivaginata (Kiikenth.) Mackenzie- 

This well defined sedge, recently interpreted by Mr. Mackenzie 
(Britton & Brown, 111 . FI. ed. 2, i: 371. igis) and later ai> 
noiinccd from New England by Professor Fernald (Rhodora 17: 
231-232. 6 Ja 1916), is frequent in wet places on Nantucket 

where I have collected it in Qiiaise, June ii, 1908, in open ground; 
in Polpis thickets, June 15, 1908, and along the creeks, June 28, 
1912. In Nantucket specimens the perigynia are mostly 5 mni. 
in length ( 4 . 5 -~ 5*5 mm.), those of C. stipafa Muhl. averaging 4.5 mnv 
(4-5 mm.). The smooth sheaths, in contrast with the cross- 
wrinkled sheaths of C. stipata^ are an obvious distinguishing feature 
and seemingly a perfectly constant one. 

*Carex lupuliformis Sartwell. 

Bog hole near Eatfire, July ii, 19.15, Not vSiifiiciently mature 
to show conclusively the always distinctive form of the ripe 
achenia, but the character of the narrow pistillate spikes and the 
very long-peduncled staminate ones are unmistakable. 

^Carex monile Tuckerm. 

In boggy places west of Trot’s Swamp, June i, 1:910, and on 
July 3, 1912, then fully mature. 

*Carex crin:ita Lam. 

Several tufts along a brooklet flowing into Squam Pond, June 
20, 1910; one cluster by a pool near the shore in Quaise, June 9, 
1911. 

Carex dbbilis Michx. 

This sedge, although not before reported, I think, from north 
of New Jersey, ds widespread and locally common on .Nantucket, 
Conversely the closely related species C.flexuosa^ which it might be 
expected would be common there, appears to be one of the islancFs 
rarer Carices. Recorded previously under the name C, temiis 
Riidge. ' ' 

/^Carex/flexuosa Muhl. , 

Carex tenuis Rudge. 
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Collected in the Thorn lot, June 27, 1910. It is scarcely to 
be doubted that it occurs elsewhere on the island. 

'^Carex conoidea Schk. 

Damp field in Shawkemo not far from the harbor shore, well 
scattered through the grassy low growth about one spot, June 4, 
1909. 

'•'Carex prairea Dewey. 

Abundant in Shawaukemmo meadow where it appears to be 
strictly localized on Nantucket. In early bloom June 8, 1911; in 
full flower July i, 1912. 

^‘Carex DIANDICA Sclirank. 

With the above and much more mature, July i, 1912, the 
achenia falling. 

*^Carex cephaloidea Dewey. 

A single tuft by a thicket at Shawaukemmo farm; spikes im- 
mature June 4, 1909; fully developed July i, 1912. It is locally 
common on Chappaquiddick Island. 

Carex straminea Willd. 

A recent enlightening study of this species by Mr. Kenneth K. 
Mackenzie (Bull. Torrey Club 42: 603-608. 1915) has made it clear 
that, as commonly accepted, it has embraced two distinct species, 
one of them being the Carex tenera of Dewey (C. straminea var. tenera 
Boott). Carex straminea echinodes of Part III of this paper (Bulb 
Torrey Club 35: 496. 1908) should now be I'eferred to C, tenera. 

An additional locality where it is rather numerous is in low grounds 
westward from TroCs Swamp. It has not been met with on the 
eastern side of the island. True Carex straminea^ specimens having 
been determined by Mr. Mackenzie, proves to be a not uncommon 
sedge of Nantucket inhabiting low grounds. 

Carex alata Torr. 

Maxcy's Pond, one tuft, June 17, 1910; also in a bog with 
Carex Walteriana , bailey and near Monomoy, June 28, 1912. 

*C0MMELINA COMMUNIS L. 

Occasional in waste places, and by streetsides in the town. 

J UNCUS BUFONIUS L. 

The var. halophilus Buchenau & Fernald grows in abundance 
about ponds at the south shore, of the 'island. , 
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^Alliuim canadense L, 

At three widely separated localities: border of Trot’s Swamp, 
two stations; Shawkenio, along a low bank back of the shore; 
Siasconset. Heads very small, June 2, 1909; in full flower June 22, 
1910. 

*Allium vineale L. 

Among the long grass in a neglected yard on Main Street, 
June 13, 1911, the stems bearing immature speardike heads. 

^Ornithogalum UJvIBELLATUM L. 

Waste lots and old lawns in the town and occasional in the 
suburbs; field below the Cliff; field south of the town. In full 
flower May 30, 1909; still in bloom June 5, 1910, 1911. 

'^'Narcissus poeticus L. 

Along a thicket at Trot’s Swamp near the site of a long-aban- 
doned farm, July, 1912 ; a scattered colony in a basin-like depression 
in the dry commons southwest of the town, associated with 
Baptism tinctoria (L.) R. Br,, Artemisia caiidata M.ich.x, ^ Hudsonia 
eric aides L. and the bearberry, the flowers withered June 5, 1911. 

*^Iris pseudacorus L. 

About Lily Pond where, I was told, it had been collected by 
Mrs. Lydia M. Folger as long ago as 1889. A large colony along 
a ditch east of Union Street, 1909 (Mrs. Nellie F. Flynn). 

*SlSYRINCHIUM ANGUSTIFOLIUM Mill. 

Shawkemo, two plants together; Quaise, sparingly at one 
station; near Grove Lane; west of Long Pond at the station for 
Argentina anserina (L.) Rydb. In full flower June 4, 1909, and 
June 9,1911. 

^Peramium pubescens (Willd.) MacM. 

Epipactis pubescens A. A. Eaton. 

Collected on Tuckernuck, September 7, 1914, by Miss Grace 
Brown Gardner. It occurs also on Martha’s Vineyard, but has 
not as yet been found on Nantucket Island. 

^CORALLORHIZA MACULATA Raf. 

Recorded from Nantucket by Dr. Joseph A. Cushman (see 
Rhodora 13: 105. 1911). A specimen in full flower was sent to 
me by Miss Gardner with the information that' it was, collected 
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August i8, 191O5 in pine woods nearMiacomet Pond, where a large 
number of plants were found. 

Persicaria Hartwrightii (Gray) Greene. 

Polygonum Hartwrightii Gray. 

Muddy shore of Squam Pond, June 20, 1910, not yet showing 
any signs of flo’wering. Leaves oblong-lanceolate becoming strig- 
illose, many of them marked medially with a dark chevron; 
ocreae developing a foliaceous and spreading fringed margin. 
Growing sparingly in the water near the shore was a weaker gla- 
bra te form with floating upper leaves and unmargined ocreae. 

^Chenopodium glaucum L. 

A specimen sent to me by Mrs. Flynn was collected near the 
railroad in the town August 7, 1911, in full flower. 

'•^Salsola pestifer a. Nelson. 

Salsola Tragus L. 

Not observed before 1912 when two plants were found by 
street sides in the town, and a small colony in an abandoned chicken 
paddock at Surfside. Just in flower July 9. 

^Tetragonia expansa Murr. 

Prospect Hill rubbish dump, September 15, 1913, in flower. 
Specimen communicated by Miss Gardner. 

^'^Silenk conica L. 

Well established and in full flower and fruit in the corner of a 
field north of the town June 16, 1911 ; a single plant on a bank by 
the railroad beyond Orange Street, July 18, 1910. 

*^SlLKNE NOCTIFLORA L. 

One plant in full flower in a weedy yard on Union Street, 
June 20, 1910. Collected by Mrs. Flynn June 28, 1895. 

^SlLENE ANGLICA L. 

Specimens of this catchfly from Nantucket and reports of its 
occurrence there have reached me from several sources* It does 
not appear, however, that it has been foqnd outside of a small 
garden and yard on Main Street where, quite probably, it had 
once been cultivated. I saw it there, evidently spontaneous, and 
scattered here and there like a garden weed. 
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'HNccaria Vaccaria (L.) Britton. 

Yaccaria inilgans Host. 

In abundance in a grain field at Quidnet, July 21, 1910, in lull 
flower, Miss Gardner; weedy yard on North Water Street, June 27^ 
1910, first flowers; waste ground at Surfside. 

"^^Dianthus plumarius L. 

Scattered through the grass of a bank on Grove Lane, doubtless 
an escape from an adjoining cemetery; in full flower June 21, 1910. 
On Chappaquiddick Island it is thoroughly established at one 
locality, forming an uneven turf of dense cushion-like tufts. 

'L\quilegia vulgaris L. 

A waif in waste ground on Prospect Hill, September 22, 1913, 
herbarium of Miss Grace Browm Gardner. 

'•^Thalictrum dasycarpum Fisch. & LalL 

Little Neck, in low'- grounds, two clusters, the tallest plants 
fully six feet high, just in bloom June 22, 1910; bank near Watt’s 
Run, in full flow^er July ii, 1912, much less mature than T. revo- 
hiium DC. which grew near by. Apparently not before reported 
from New England, Specimens collected are perfectly typical and 
agree closely with authentic material from the western states. 

’^'Papaver somniferum L. 

Rubbish dump on Prospect Hill, August 13, 1915, in full 
flower, herbarium of Miss Grace Brown Gardner; waste place, 
1895, Mrs. Nellie F. Flynn. 

*Papaver Rpioeas L. . . 

At the same locality as the above July 14, 1915, in full flower, 
herbarium of Miss Grace Browm Gardner. 

*Argemone MEXICANA L. ■ 

West Silver Street, July 15, 1910, with immature fruit, herb- 
arium of Miss Grace Brown Gardner. 

Lepidium neglectum Thellung. 

This little-recognized peppergrass, earlier recorded in this 
list, but with a mark of interrogation, may now be definitely 
added to the Nantucket' flora. A ■single plant in flower and fruit 
was found in a weedy yard on North Water Street, June 7, 1910, 
and four well-fruited plants in an old chicken paddock at 'Surfside, 
July 9, 1912. ' ' ’ ■ ■ 
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'''SiNAPIS ALBA L. 

Collected by Miss Gardner in waste ground at Prospect Hill in 
flower and fruit, July i6, 1916. 

^BRiVSSICA OLEItACEA L. 

A few plants by weedy street sides at two places, 1910, 1911. 

==^Barbarea Barbarea (L,) MacM. 

Barbarea vulgaris R. Br. 

A group of plants on Sea Street in flower and fruit, June 16, 
1910; border of Trot’s Swamp, June 22, 1910. 

^Camelina sativa (L.) Crantz. 

Collected by Miss Gardner in flower and fruit at Prospect 
Hill, July 16, 1916. 

*Radicula sylvestris (L.) Druce. 

Polpis roadside, July 19, 1909; rubbish dump west of the town, 
August 21, 1913, in full flower at both dates, collected by Miss 
Grace Brown Gardner. 

***Neslia paniculata (L.) Desv. 

Waste yard. North Water Street, July 27, 1911, one plant 
bearing a long fruiting raceme and a few terminal flowers. 

^Arabidopsis Thaliana (L.) Britton.. 

.Sisymbrium Thalianum J. Gay. 

Yard on West Silver Street, May 31, 1912, in flower and fruit; 
collected by Miss Grace Brown Gardner. 

*HCoNIGA MARITIMA (L.) R. Br. 

Alyssum maritimum Lam. 

Old wharf, 1894, Mrs. M. P. Robinson; an escape, 1895, Mrs. 
Nellie F. Flynn {fide F. G. Floyd). 

*Hesperis matronalis L. 

An occasional roadside weed in the town ; waste place towards 
Monomoy, in full flower June 3, 1911. 

^Sedum teleppiioides Michx. 

No introduced native plant that has been found on Nantucket 
affords greater cause for surprise from its occurrence there than 
this species. It was collected by Miss Gardner in a waste yard 
in the town. The specimen sent me bears date September, X914, 
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and is in full flower. It has been carefully compared at the New 
York Botanical Garden, in conjunction with Dr. Britton, and 
agrees so closely with authentic material in the herl)armm that 
although we feel some slight hesitancy in pronouncing it identical 
there seem to be no reasonable grounds for doubting its equivalency. 
The species has been grown in botanical gardens but is not in 
general cultivation, and how or when it came to be transported to 
Nantucket is hard to conjecture. Miss Gardner writes me that 
“it has grown for years in a neglected yard on Milk street and is 
occasionally found in old yards and lanes in the south part of the 
town.” 

'^^Hamamelis virginiana L. 

“Thicket opposite Bloomingdale,” 1896, Mr. L. L. Dame, 
reported in a letter to Mrs. Owen, fide Mr. F. G. Floyd. Mr. 
Dame’s determination of this unmistakable shrub cannot be ques- 
tioned and, although it has not been met wdth on Nantucket by 
any other collector, it is perfectly at home in parts of Martha’s 
Vineyard. The only representative on Nantucket of the family 
Hamamelidaceae. 

*Fragaria terrae-novae Rydb. 

In the herbarium of the New York Botanical Garden is a 
specimen of this strawberry determined by Dr. Rydberg, which 
was collected at Siasconset June 8, 1900, by Miss M. A. Day 
(Plants of Nantucket, No. 9). 

*Potentilla recta L. 

Collected by Miss Gardner in waste ground on Prospect Hill, 
August 23, 1913, in flower and fruit, Mrs. Flynn writes me that 
she found it “quite abundant in the Catholic Cemetery where it 
wms probably introduced in grass seed.” 

^Tilipendula Ulmaria (L.) Maxim. 

Found at Consue Spring, July 9, 1912, freshly in flower and 
forming part of a tall weedy growth, some of the plants being 
nearly six feet in height, 

Rosa. 

By a sort of routine and acquiescent view all the wild roses of 
Nantucket that are not Rosa Carolina L. might seem to pasvS readily 
enough to Rosa virginiana Mill. Nevertheless it may easily be 
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discovered that there are some palpable misfits with that species^ 
variable though it be. Certain specimens indeed clearly raise 
the question whether there may not be other species, at present 
imdistinguished from R. virginiana, that belong to the island’s 
flora. The final answer may w^ell be an affirmative one, yet it can 
scarcely precede a more critical study of the subject than has yet 
been attempted. 

One of these nonconforming roses has already been discussed 
in Part VIII of this paper (Bull. Torrey Club 38 : 450-451. 1911). 

i\nother, collected at Wauwinet and in Shawkemo, is somewhat 
intermediate between R. virginiana and R. carolma; Dr. Rydberg, 
who has examined the specimens, surmises that it may be a hybrid. 

Yet another rose, collected only in Tom Never’s Swamp, differs 
from R, virginiana by densely bristly new shoots, straight and 
slender infrastipular spines, more obovate leaflets of a livelier green 
color, shining on the upper surface and bright green beneath, the 
common rachis often bearing numerous stalked glands, the flowers 
solitary or few together. Dr. Rydberg has determined this to be 
the Rosa obovata of Rafinesque (i?. laxa Lindley), a rose that has 
missed recognition by later botanists and the exact status of which 
remains to be determined. On Nantucket it wms collected June 15, 
1 91 1, not then in flower; it was subsequently found on Long Beach, 
Long Island, in full bloom. On both occasions it was not doubted 
that it was a different rose from R. virginiana which grew close 
about it, its affinity appearing to be rather with R. niiida Willd. 

Another ambiguous Nantucket rose, collected on Coatue, 
agrees with the preceding in its densely bristly stems, but differs 
in its strong and broad-based hooked prickles, more glandular 
hypanthium and narrower leaflets. It is such a plant as might be 
predicted from a crossing of R, obovata with R. virginiana, and, 
quite possibly, such a parentage may have been its actual origin. 

^Lathyrus latifolius L. 

Waste ground, Prospect Hill, August 3, 1915^ Miss Grace 
Brown Gardner; a cluster in full flower in the south part of the 
town June 23, 1910. 

ViciA angustifolia (L.) Reichard. 

Plants are frequent whose leaf characters correspond to those 
of the var. segetalis (Thuillier) Koch. 
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'‘^ViciA Cracca L. 

Scattered in tangled masses through a field east of Island 
June 28, 1912 ; abundant and in full flower in a sandy field at SiirF 
side, July 9, 1912. 

^^Acer Negundo L, 

estray from cultivation. Collected by Mrs. Flynn in full 
flower May 5, 1906. 

'“^T^BiTTiLON Theophrasti Medic. 

Rubbish dump on Prospect Hill, collected by Miss Gardner in 
full flower September 9, 1914. 

^Viola tricolor L. 

Scattered sparingly through the grass of a lawn on North 
Water Street, in full flower, June 20, 1910. 

^Lythrum Salicaria L. 

In August, 1916, Miss Gardner sent me fresh specimens of the"" 
typical form of this plant from a field near No-bottom Pond, and 
also a specimen of var. tomentosum (Mill.) DC. from a field near 
Lily Pond, both collected by Mrs. G. A. Spear. The typical 
plant had not previously been found on Nantucket. 

So different of aspect are these two plants, and so well defined 
are comparative differences between them that the eye hesitates to 
accept them as being of no greater diversity than mere variants of 
a single species. The Nantucket var. tomentosum is not exceptional, 
for when I have met with it elsewhere its differences from true 
L, Salicaria were equally pronounced. It may be significant of 
different soil preferences of the two plants that var. tomentosum 
appears to be the only one that is found along the sandy south 
shore of Long Island where, though scarce, it is widely scattered, 
while the locally abundant plant of heavy wet soils along the 
Hudson, and inland in boggy places among the hills, is the typical 
form. 

’^Oenothera rubescens Bartlett. 

Little is known of this Oenothera recently described by Dr. H. H. 
Bartlett from plants raised from Nantucket seeds (Cybele Colum- 
biana i: 50. 1914). It is probable that the living plant also 

has been collected on Nantucket, Specimens, not yet mature, 
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of a form found there that I was unable to place were submitted 
to Dr. Bartlett, who wrote me in regard to them under date of 
November 28, 1914: “They appear to be my n. sp. Oe. nibescens^ 
to be published shortly. The seeds came to me from Professor 
George F, Atkinson, at Ithaca, and were originally collected on 
Nantucket by Miss Grace B. Gardner. I drew up my description 
this summer from living plants.” 

'^'Oenothera. 

Miss Gardner has sent me specimens of an Oenothera collected 
by her on Nantucket, August 24, 1915, which differs strikingly 
from any form. I have myself seen there. It is in full flower and 
early fruit and is notable from the perfectly glabrous axis of the 
inflorescence, glabrous capsules and small early deciduous subtend- 
ing bracts; the hypanthium is slender and glabrous, becoming 
over 3 cm. long, and the tips of the calyx lobes are hispid with trans- 
lucent diverging hairs. The leaves subtending the branches, these 
being the only ones seen, are thin, oblong- to ovate-lanceolate 
on slender petioles and thinly short-pubescent, their margins 
distantly glandular-denticulate; the branches are thinly roughish- 
pubescent toward the base, the longer hairs flexuous and arising 
from minute red papillae. 

^HederjV Helix L. 

The European ivy flourishes on Nantucket and has become 
locally well-established away from cultivated grounds. On Sunset 
Hill it may be seen running through the grass in dense masses 
and clothing old fence posts and tree trunks with all the vigor and 
luxuriance of our native Virginia creeper. Flow’ers profusely in 
September. 

’’’Erica vagans L. 

Miss Alice 0 . Albertson has sent me flowering specimens of 
this European heath which were collected by Mivss Eleanor Owen 
“among pine trees north of Head of Hummock Pond,” August 10, 
1915. The specimens sent are two small sprays, each bearing 
three clusters of flowers. 

Much has been written about the three heaths common in the 
British Isles that have long been known tb grow on Nantucket, 
but it seems never to have been suspected that a fourth species 
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belongs to the wild flora of the island. How long it has grown 
there and by what agency it became established may never be 
known, but it is to be hoped that its station will be rediscovered 
and careful observations made to ascertain if there be not in the 
surroundings some hint as to its origin there. 

Mrs. Owen has told us that in days now long past persistent 
efforts Avere made to increase the heather on Nantucket, and that 
seeds of both purple and white heather had been sown on the 
commons. Presumably these seeds came from Great Britain, 
and the Avhite heather referred to was the wfliite-flow’-ered form of 
the Scotch heather or ling. Erica vagans, sometimes called the 
Cornish heath, is a species more especially of the Mediterranean 
region, and is of local occurrence only as far north as the British 
Isles. It has occasionally been offered here in tradesmen's cata- 
logues. 

'^'CuscuTA Epithymum Murr. 

Specimens in full flower have been sent to me by Miss Gardner, 
collected by her in Squam i\ugust 19, 1915, growing on Laciniaria 
scariosa (Willd.) Hill. 

Note. — In a paper by the late Professor John H. Sears (see 
Rhodora 10: 43. 1908) is a list of plants of more southern dis- , 

tribution that occur in Essex County, Massachusetts, with mention'^ 
of their nearest known stations south of Boston. Included in this 
list is OtiSCiita arvensis Beyrich, its nearest station south being 
given as Nantucket. 

Galeopsis Tetrahit L. 

Mrs. Flynn has sent me a specimen of this species collected in a 
waste place west of the town August 14, 1911, a much branched 
and well-seeded plant bearing some late flow^ers. Both this species 
and Galeopsis Ladanum L. have already been mentioned in this 
list, having been admitted into Mrs. Owen’s catalogue. No other 
evidence has appeared respecting the latter as a Nantucket plant. 

'^Clinopodium vulgare L. 

Satiireia vulgaris Fritsch. 

Miss Alice O. Albertson has sentsome flow^eringspecimensof this 
mint collected by her September 16, 1916, in a field opposite the 
Franklin Fountain where it was first discovered by Professor 
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John W. Harshberg*er in August, 1915. It had not before been 
known from Nantucket and we must suppose it to be an intro- 
duction more or less recent. 

^^Mentha glabrata (Benth.) Rydb. 

Mentha canadensis var. glabrata Benth. 

Collected by Miss Gardner at Wauwinetin full flower July 24, 
1915. Plant evident^ bright green, leaves narrow, attenuate at 
base, rather distantly low-serrate, glabrate. On Nantucket 
Mentha canadensis L. shows a marked tendency towards an unusual 
degree of pubescence, and extreme examples even closely approach 
the more northern var. lanata Piper. The glabrate plant is thus 
at contrast with the ordinary Nantucket form in a very marked 
degree. At Alexandria Bay on the St. Lawrence, where I once met 
with it, it appeared so unlike M. canadensis that I did not at first 
suspect its close relationship. Its unmistakably different and 
pleasanter fragrance seemed especially noteworthy. 

*Solanum villosum (Mill) Lam. 

Mrs. Flynn has sent me an excellent specimen of this plant in 
flower and early fruit collected by her in a yard at Milk and Main 
Streets, September 4, 1901. The plant is over 6 dm. high, openly 
branched, with thin sinuate-dentate leaves, and is more or less 
villous-pubescent throughout, especially on the younger parts, and 
evidently somewhat viscid ; the inflorescence is racemose rather 
than sub-corymbose as in S. peregrinum Bicknell, the calyx lobes 
membranous, only slightly if at all venose, and triangular acute; 
the flowers appear to be somewhat larger than those of 5 . nigrum L., 
their anthers 1,5^1,75 mm. long on glabrous filaments. It agrees 
closely with many authentic specimens of S. mllosiim from Colorado 
and Idaho to Washington and California. I am not aware that it 
has ever been reported from New England. 

*Aster ericoides L. 

In Miss Gardner’s herbarium I found a specimen of this aster 
from Tuckernuck, collected September 14, 1914. It is a somewhat 
pubescent form approaching the var. villosus T. & G. and agreeing 
rather closely with examples from Chappaquiddick Island where, 
as elsewhere on Martha’s Vineyard, it is a scarce plant. 
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L INTRODUCTION 

Plant growth is defined technically as any permanent change 
of shape or size produced by the activity of the plant (r/. Jost, ’13, 
P- 339; Pfeffer, ^06, p. i). The movements of Drosera tentacles, 
being reactions to stimuli, are determined by the activity of the 
Drosera plant. Moreover, bending is accompanied by a perma- 
nent elongation of the convex side of the tentacle and unbending 
by a corresponding increase in the length of the concave side 
(Hooker T6). These movements are therefore phenomena of 
growth. The term “growth” obviously includes a number of 
processes, which may be determined by changes in the amount of 
protoplasm, cell-wall material or osmotically active substances. 

IL EXPERIMENTAL DATA 
I . Osmotic concentration 

In order to obtain a more detailed knowledge of the growth 
which brings about the movement of Drosera tentacles, the con- 

* Contribution from the Osborn Botanical Laboratory, 
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centration of osmoticaily active material dissolved in their cells 
was measured by plasmolysis. For this purpose solutions of 
potassium nitrate and glucose were prepared. The osmotic con- 
centration of plant cells may be compared with the concentrations 
of these substances in terms of their relative osmotic values. 
Consequently osmotic concentrations will be measured in atmos- 
pheres as follows: 

Solutions of KNO3 Solutions of glucose 

Atmospheres iri percentages in percentages 


5 

6 

1-43 

3-«5 

4.62 


2.00 


8 ..... 

2.29 


9 

2.57 

6.9s 

10 

2.86 

7.71 



3.14 

8. 48 

T 2 



T Tl 



T 4 . . . . 


10.80 

^ 

15 

4.29 



Tentacles of the Drosera were removed from the leaf with 
.forceps, placed in prepared solutions, mounted and examined iinder 
the high power of the microscope. Plasmolysis was found to be 
most readily detected in slightly pigmented cells, and whenever 
possible tentacles with stalks composed of such cells were selected. 
In case aggregation occurred, the first traces of plasmolysis were 
much more difficult to make out. Tentacles were treated and 
examined when straight ; just after bending in response to a tactile 
stimulus; when fully bent; during unbending; and when again 
straight. The first procedure was to place tentacles in each of the 
prepared potassium nitrate solutions and to examine them for 
traces of plasmolysis. The results obtained by this general 
orientation were repeated and verified by numerous subseciuent 
experiments both with potassium nitrate and with glucose solu- 
tions. The data given with glucose solutions were practically 
identical throughout with the results furnished by the potassium 
nitrate solutions. The final data given below are expressed in 
terms of the most concentrated solution that failed to plasmolyze. 

The epidermal cells on the pedicels of the tentacles have 
strongly cutinized outer walls which are impermeable to salt and 
sugar solutions. The solution reaches the inner cells of the ten- 
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tacle by way of the gland at the apex and the broken end at the 
base where the tentacle was formerly attached to the leaf blade. 
In many cases it was found necessary to puncture the cuticle in 
several places with a needle, or else to cut the pedicel into segments 
with a razor, in order to give the solutions access to all the cells of 
the tentacles. 

1 . Straight tentacles , — Examination of over thirty normal 
marginal tentacles with potassium nitrate and of twenty with 
glucose solutions showed the cells of the apical half of the pedicel 
to have a higher osmotic concentration than the cells of the basal 
half. The latter ranged from eight to nine atmospheres; the 
former from nine to eleven. In a few instances the cells on the 
dorsal and ventral surfaces of the basal portion of the pedicel 
had a higher osmotic concentration than the cells on the flanks. 
De Vries (’86, pp. 4, 5) found that the cells of Drosera tentacles 
were plasmolyzed by a three percent, solution of potassium nitrate, 
but not by a two per cent, solution. This is seen to hold for all 
the stalk cells excepting those at the apical end just below the 
gland. 

2. Bending tentacles , — ^The glands of numerous tentacles were 
stimulated by rubbing with a fine brush and after fifteen to twenty 
minutes, when the tentacles had bent through an angle of 90° to 
120°, they were removed and placed in a two percent, potassium 
nitrate solution. This treatment did not cause the tentacles to 
unbend. They were then mounted in some of the same solution 
and covered with a supported cover-glass. Since the tentacles 
were curved, the different effect of the solution on the convex and 
concave sides of the tentacle could be observed. In nearly all 
cases where the movement was rapid, the two per cent, potassium 
nitrate solution had plasmolyzed the cells in the bent region on the 
convex or abaxial side, while the cells on the concave or adaxial 
side showed no effect. Similar results were obtained by using a 
5.4 per cent, glucose solution. Examination of fifty tentacles with 
potassium nitrate and of thirty-five with glucoseshowed the osmotic 
concentration in the abaxial cells to be from six to eight atmos- 
pheres, in the adaxial cells from eight to nine atmospheres. The 
osmotic concentration of the cells on the convex side had therefore 
diminished during bending; that of the cells on the concave side 
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had remained practically unchanged. The greatest diminution 
in the osmotic concentration of the cells on the convex side was 
observed in those tentacles that reacted most rapidly. In a few 
cases of exceptionally slow movement no diminution was observed, 
the osmotic concentration being either eight or nine atmospheres. 
The osmotic concentration of the cells in the upper half of the stalk 
was found to be the same as in the unbent tentacle. 

3. Bent tentacles , — Tentacles were stimulated by placing small 
flies on their glands, and after bending had proceeded as far as 
possible the tentacles were removed and examined. In twenty- 
fiv^e tentacles treated with potassium nitrate solutions and fifteen 
tentacles treated with glucose solutions, the cells at the base of 
the pedicel and in the bent region had an osmotic concentration 
of nine to eleven atmospheres, there being no difference between 
the two sides of the tentacle. The cells of the apical portion of 
the pedicel were found to have an osmotic concentration of ten 
to thirteen atmospheres. In a few exceptional cases the cells In 
the latter region appeared to have a higher osmotic concentration, 
but the detection of plasmolysis was particularly difficult because 
these cells were smaller than the basal cells and their contents 
were strongly aggregated. 

4. Unbending tentacles . — ^Twenty tentacles in process of un- 
bending were examined with potassium nitrate solutions and the 
results were checked by the examination of twelve more with 
glucose solutions. The osmotic concentration of the cells in the 
basal half of the pedicel wms from eight to ten atmospheres; in the 
apical half from nine to eleven. No difference was observed in 
the osmotic concentrations of the cells on the conca\’'e and con\x?x 
sides. 

5. Unbent tentacles.— Eighteen tentacles which had become 
straight after completing a reaction were examined and found to 
be similar in osmotic concentration to the normal tentacles before 
reaction. 

The experimental data given above are summarized in the 
following table : 

Three significant facts should be noted, namely: 

I. The osmotic concentration of the pedicel cells increases 
from the base to the apex. ' 
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'I'cntacles 

j Straight 

Bending 

Bent 1 

Unbending i 

Unbent 

Ba.sal half of pedicel; i 

Abaxial side 

8“9 

i 6-8 

9-1 1 
9 - 1 1 
10-13 

S-io 
8-10 
i 9-1 1 

' 8-0 

Adaxial side 

8-9 

8~9 

i 9-1 1 

8—0 

Apical half ! 

9-1 1 

u y 

1 9 - 1 1 



2. During rapid bending the osmotic concentration of the 
abaxial cells in the growing region decreases. 

3. When the tentacles are bent, the cells have a higher osmotic 
concentration than at any other time. 

2. RiVBDOIDS 

Rabdoids were first discovered by Gardiner ('85) in Drosera 
dichotoma, and he states that in Dionaea^ Drosera rotundifolia and 
other species of Drosera rabdoids occur which resemble those of 
Drosera dichotoma. Gardiner described the rabdoid as a body, 
usually spindle-shaped or acicular, which occupies such a position 
that it stretches diagonally across the cell from end to end, the 
two extremities being imbedded in the cell protoplasm. They 
were present in all the epidermal cells of Drosera dichotoma leaves 
except the gland cells and the cells immediately beneath the glands. 
In the bending region of those tentacles capable of movement 
they were larger in the epidermal cells on the abaxial side than on 
the adaxial side where they were very small or apparently absent. 
When these cells lost their turgidity the rabdoids contracted and 
separated into two or more parts, but regained their spindle shape 
when turgidity was restored. A sudden blow on the cover glass 
also caused the rabdoids to assume a spherical form. 

The presence of rabdoids in the epidermal cells of Drosera 
rotundifolia leaves was confirmed. They occur in all the epidermal 
cells of the petiole, of the leaf blade and of the basal portion of the 
tentacles, including the bending region. Each cell contains a 
single rabdoid, rarely two rabdoids, situated near the outer wall 
and parallel wdth it. After a leaf has fed on insects, the rabdoids 
are distinctly larger than before. When plants are deprived of 
insectivorous food for any considerable period, the rabdoids 
dwindle until they are barely noticeable. Sudden shocks produced 
by tapping the cover glass or gradual pressure sustained for a 
considei'able period of time cause the rabdoids to alter their shape. 
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They contract at each end so that they have the appearance of 
dumb-bells, and finally separate into several disk-shaped parts. 
In extreme cases they separate into a large number of droplets 
which exhibit Brownian movement. No marked difference was 
observed in the size of the rabdoids on opposite sides of the tentacle 
in the bending region, and no alteration was visible during move- 
ment, The function of the rabdoids is not apparent. It seems 
probable, however, that they are connected in some way with the 
process of secretion, rather than with the mechanics of movement. 
Gardiner ('85) suggested that they might be reserve material or 
some substance used up during secretion. This seems to be borne 
out b}^ the fact that they are of protein composition according to 
Tunmann (T3, p. 481). 

3. Unbending by plasmolysis 

Although a two per cent, solution of potassium nitrate usually 
plasmolyzes the cells on the convex side of a bending tentacle, this 
does not cause the tentacle to become straight (see DeVries, '86, 
p. 5). More concentrated solutions produce unbending. For a 
short time after the tentacle is fully bent complete plasmolysis 
still causes unbending, but when the tentacle has been bent a 
considerable period and during unbending, plasmolysis does not 
alter its shape. 

The xylene experiment which W. H. Browm ('12, T6) made on 
Dionaea and Mimosa was tried on Drosera tentacles, but no positive 
results w^re obtained. Bent and bending tentacles w'ere killed 
in boiling water, treated with 95 percent, alcohol, absolute alcohol 
and X3dene. No unbending ensued. This may indicate a dif- 
ference between the mechanics of movement in Drosera and in 
such plants as Dio^taea and Mimosa. However, the failure of the 
experiment may have been owing to faulty technique, although 
the description of the process by Brown (T6, p. 78) was followed 
in detail. 

III. DISCUSSION 

I. Increased turgidity as the means 'of movement 

The straightening of bent tentacles by plasmolysis shows the 
cell elongation, which is the immediate cause of bending, to be a 
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passive stretching of the walls by turgidity. This conclusion is 
corroborated by direct observation. During bending the cells on 
the convex side in the curved region as seen under the microscope 
are noticeably distended, the outer walls appearing in optical 
cross-section as arcs extending between the end walls. A simple 
way of demonstrating this is afforded by mounting a straight 
tentacle in a one per cent, solution of tartaric acid, covering it 
with a supported cover glass and examining under the microscope. 
Tartaric acid as well as dilute solutions of many other organic 
and mineral acids induce rapid and violent bending. The acid 
enters the tentacle through the broken end of the pedicel at the 
base, where it was formerly attached to the leaf-blade, and affects 
the bending region directly, for inflexion proceeds even when the 
gland has not been stimulated in any way either by being touched 
or by coming in contact with the acid solution.’^ Gardiner (’85) 
observed that in well-inflected tentacles of Drosera dichotoma the 
cells on the convex side at the bending point are very turgid. It 
must be borne in mind that turgidity is the external manifestation 
of a balance between two antagonistic factors; one factor due to 
the presence of osmotically active substances in solution tends to 
increase 'the volume of the cell and to stretch the wall; the other 
factor due to the elasticity of the cell-wall tends to compress the 
cell contents. An increase in the size of the cell under such cir- 
cumstances follows either from an increase in the amount of os- 
motically active material or from a diminished elasticity of the 
cell-wall, unless simultaneous changes in permeability interfere. 

(a) Osmotic concentration 

The experimental data show that during bending the osmotic 
concentration in the cells on the abaxial side of the pedicel in the 
growing region falls from eight or nine to six or eight atmospheres. 
It is at once evident that the elongation of the cells is not the 
result of an increase in the amount of osmotically active material. 
•Exact data concerning the increase in length of the abaxial side 

* The bending produced in detached tentacles by this means is frequently aston- 
ishing. The tentacle may bend around completely on itself until it forms a spiral. 
It is known that stimulation of the glands of Drosera tentacles is followed by the 
secretion of an acid. Is it possible that the impulse which is conducted from the 
gland down the' pedicel to the base of the tentacle and which there starts movenient 
is the add secreted by the gland diffusing from cell to cell? ' ■ ■ 
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during bending is given in a previous paper (Hooker, b6). An 
average of ele\^en measurements taken in the region ot most active 
growth shows the increase to be about 27 per cent, of the original 
length. In one typical example (ibid. f. d), cells on the abaxial 
side (ibid. Table III, segment 5) in the bending region grew from 
0.45 mm. to 0.57 mm., an increase of 26.6 per cent. Assuming 
the other dimensions of the cell to remain unaltered, the increase 
in volume of the cells in this region would be proportional to the 
increase in length. An increase in volume must be accompanied 
by a corresponding decrease in osmotic concentration. Thus if 
the original concentration were eight atmospheres, we should 
expect as the result of an increase in volume of 26 per cent, an 
equivalent decrease in osmotic concentration, that is a fall from 
eight to six atmospheres. When it is considered that the meas- 
urements of osmotic concentration were taken before bending 
was completed, and that soon after the tentacle is bent the cells 
restore their original osmotic concentration, a process that must 
commence soon after bending begins, we see that the maxi- 
mum decrease in osmotic concentration observed is amply ac- 
counted for by the increase in volume of the growing cells. The 
maximum decrease observed was approximately 25 per cent.; the 
increase in length averaged 27 per cent.; the correspondence is 
well within the limits of probable error. The alteration of osmotic 
concentration is therefore a result of the growth of the cells, and 
not a determining factor of their elongation. 

No marked change in the osmotic concentration of the cells on 
the adaxial side of the bending tentacle was observed at any time. 
The slight elongation or compression which thcvse cells experience 
during bending is probably insufficient to make a change of osmotic 
concentration perceptible. The irregularity in the nature of the 
alterations on the concave side of the tentacle indicates that this 
side takes no active part in the bending, but is either stretched or 
compressed according to the mechanical conditions that happen 
to prevail in the base of the pedicel. Gardiner (’85) states that 
the cells on the concave side of well-inflected Drosera dichotoma 
tentacles lose their turgidity at the bending point. No distinct 
evidence of loss of turgidity by the cells on the concave side of 
inflected Drosera rotundifolia tentacles was observed, however. 
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The external walls appear in optical cross-section as straight lines 
extending between the end walls. 

(b) Permeability 

It is of course possible that the elongation of the cells on the 
convex side of inflected tentacles might be caused by increased 
osmotic pressure, if the detection of the increased osmotic concen- 
tration were rendered impossible by a simultaneous increase in 
the permeability of the cells to the plasmolyzing solutions. The 
possibility that such is the case here is ruled out by two consider- 
ations. Firstly, the determinations of osmotic concentration 
made with an electrolyte, potassium nitrate, were confirmed by 
determinations made with a non-electrolyte, glucose. It is highly 
improbable that there should occur a differential change in per- 
meability of such a nature as to permit increased diffusion of both 
potassium nitrate and glucose, which at the same time would not 
permit increased diffusion of the osmotically active material within 
the cell. Secondl}^ the correspondence between the increased 
volume of the elongating cells and the decreased osmotic concen- 
tration indicated by experiments cannot be disregarded, since it 
offers a direct and simple interpretation of the experimental data. 

{c) Cell-wall elasticity 

Since there is no evidence that the permeability is altered, and 
since the osmotic concentration decreases during bending, the 
increased turgidity of the elongating cells must be due to a decrease 
in the elasticity of their cell-walls. It is evident that irreversible 
changes take place in the cell-wall, for the increased size of the cell- 
wall is soon rendered permanent, probably by the deposition of 
new cell-wall material. This is shown by the fact that after bend- 
ing is completed, the cells on the convex side lose their excess 
turgidity. The distended outer walls become flat, yet the tentacle 
remains bent. At this stage plasmolysis no longer causes un- 
bending. Gardiner ('85) states that in Drosera dichotoma the 
cells on the concave side not only lose their turgidity after bending 
is finished, but become fliaccid. These irreversible changes in 
the cell-wall apparently begin soon after bending starts, for when 
a bending tentacle is forcibly straightened, the distended outer 
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cell-walls do not always return to their original condition, but are 
frequently crumpled or wrinkled. The rate of change in the cell- 
wall properties undoubtedly increases during the inflexion. In 
the same wa 3 ^^ the decrease in osmotic concentration which results 
from the increase in volume of the elongating cells is sodn compen- 
sated for by the formation of new osmotically active material, as 
is shown by the equality of osmotic concentration on opposite 
sides of the tentacle a short time after it has become fully bent. 
This process too is probably initiated soon after inflexion begins, 
with the result that no marked difference in osmotic concentration 
is noticeable on opposite sides of tentacles which bend slowly. In 
the last analysis, therefore, the growth which causes the inflexion 
of Drosera tentacles is the activity of the protoplasm in manu- 
facturing cell-wall substance and osmotically active material. 

2. Comparison with geotropic movements 

The movement of Drosera tentacles is seen to be brought about 
by the same mechanism found in geotropically reacting organs, 
where Kraus (’82, p. 87) and Noll (’88, p. 51 1) observed a decrease 
in the osmotic concentration of the cells on the convex side of 
roots and stems, which was particularly evident in case of rapid 
bending. The subject is well summed up by Jost (T3, p. 580) in 
the following paragraph, and his remarks apply to the bending of 
Drosera tentacles with equal felicity: 

la aii cases that have beea more carefully studied, the immediate cause of the 
bending is a difference of growth in length on opposite sides. The surface growth of 
the membranes here as elsewhere is preceded by stretching due to turgidity, and this 
is gradually made permanent by growth. If an organ be plasmolyzed at the be- 
ginning of the geotropic bending it again becomCvS straight, but later the curvature 
is permanent. The stretching is unequal in amount on the two opposite sides. This 
difference might consist in an increased osmotic pressure on the convex side and 
diminished osmotic pressure on the concave side, but this is by no means the case; 
the pressure on the concave side seems rather to remain unchanged, while that on 
the convex side diminishes during bending. This result is not so astonishing when 
we consider that the rate of growth does not depend directly on the amount of osmotic 
pressure, but that this latter frequently depends on the increase in cell-volume. 
The unequal stretching of the opposite sides due to turgidity must therefore be 
connected with an alteration in the elasticity of the cell-walls, the convex side be- 
coming more extensible. Of course in unicellular organs (in sporangiophores of the 
Mucorineae, for example), the bending must, depend solely on a change in the elas- 
ticity of the cell- wall. 
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3. Alteration of cell-wall elasticity 

In the opinion of Noll C95, p. 65) the change in the plasticity 
of the cell-wall is analogous to the gradual change that takes place 
in a strung bow, which after having been left strung a long time 
does not return completely to its original shape when unstrung. 
This plastic change does not involve any permanent diminution 
of elasticity, however, for the bow returns to its new shape after 
bending. The source of energy for this change in .plasticity is 
found in the stored energy of elastic tension. The change from a 
condition of elastic tension to a plastic alteration of shape is 
compared by Noll (’95, pp. 79-81) to changes produced in rubber 
by vulcanization, during which process any elastic deformations 
that happen to be present are transformed in a greater or less 
degree to permanent alterations of shape. In bending plant 
organs he assumes that the protoplasm secretes one or more 
substances which act on the cell-wall as vulcanizing sulphur acts 
on crude rubber. 

The correlation between the molecular structure and the 
physical properties of metals, which has been discovered in recent 
years by metallographists, offers a more satisfactory interpretation 
of the changes in the physical properties of the cell-wall. The 
alteration of the strength, ductility and elasticity of metals pro- 
duced by mechanical treatment and by heat are based on changes 
in molecular structure, which consist in the rearrangement of the 
relative amounts of the phases that enter into the composition of 
the metal. Two phases are usually present, a crystalline phase 
and an amorphous phase that cements the crystals together. The 
strength and ductility of a metal are found to be increased and the 
elasticity diminished by an increase in the amount of the amor- 
phous phase and a decrease in the amount of the crystalline phase. 
Conversely the elasticity -would be increased and the strength and 
ductility diminished by an augmentation of the crystalline phase 
and a decrease in the amorphous phase, It is probable that 
changes in the elasticity of plant cell-walls are also produced by 
alterations in the molecular structure. The cell-wall is undoubt- 
edly a mixture of phases in heterogeneous equilibrium. It seems 
plausible that changes in elasticity are effected by a readjustment 
between these phases. Possibly an amorphous and a crystalline 
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phase are present, in which case an increase in the proportion of 
the lormer to the latter would decrease the elasticity and the reverse 
change would restore the original properties. Whatever changes 
in molecular structure actually occur, they must be controlled and 
regulated by the activity of the protoplasm. 

4. Autotropic NxVture of unbending 
(a) Comparison of autotropic with hydrotropic stimulus 
When roots are exposed to a hydrotropic stimulus, greater 
evaporation takes place from the cells of the drier side and this 
tends to increase their osmotic concentration. The resulting 
inequality of osmotic concentration or changes which this induces 
on opposite sides of the root constitute the stimulus that released 
the hydrotropic reaction, which consists in bending toward the 
source of moisture by faster growth on the side with the higher 
osmotic concentration (Hooker, ’15). It is characteristic of hydro- 
tropic reactions that small differences in the relative moisture on 
opposite side of the exposed root, and consequently small differ- 
ences in osmotic concentration are sufficient to produce changes 
that release a reaction. On the other hand the exposure must be 
prolonged, for the reaction does not commence until the roots have 
been subjected to a hydrotropic stimulus for at least six hours. 
Bending proceeds much more slowly than in geotropic reactions. 

The autotropic unbending of Drosera tentacles as well as of 
geotropicaily bent roots and shoots resembles hydrotropic reactions 
in several respects. The unbending is produced by growth on that 
side of the organ that tends to have the higher osmotic concen- 
tration during bending. The reaction does not begin until some 
time after the bending, and it proceeds at a very much slower rate. 
During this process no difference of osmotic concentration was 
ever observed in opposite sides of the tentacle, which indicates that 
the formation of osmotically active material keeps pace with the 
increase in volume of the growing cells. 

(&) Internal changes that follow bending 
In a discussion of the autotropic unbending of tendrils, Fitting 
(b3, p. 612) expresses the opinion that the unbending may be a 
response to a new stimulus produced by ‘Hhe inequality of con- 
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ditions, of pressure-distribution, tissue-tension, etc., which are 
established "in the cells on opposite sides of the originally straight 
organ as a result of an attempted or executed reaction.” , 

The inequality of conditions that should constitute the auto- 
tropic stimulus may be found in the changes produced by the dif- 
ference of osmotic concentration observed in bending roots and 
tentacles, since just such a difference induces an analogous reaction 
in hydrotropically stimulated roots. It has been emphasized 
elsewhere (Hooker, T6, p. 21) that the increase in the rate of 
growth which produces the unbending of Drosera tentacles pro- 
ceeds in the same manner as that which causes bending, in both 
cases commencing near the base and extending apically. More- 
over, the amount of growth that occurs during unbending is nearly 
the same in amount and is distributed in much the same manner 
as during bending, so that the unbent tentacle is straight and 
reaches approximately the same position it held before the re- 
action. This nice regulation is intelligible when we consider that 
the changes resulting from the decrease in osmotic concentration 
during bending are directly proportional to the increase in volume 
of the growing cells. It is not to be denied that other factors may 
cooperate in producing the autotropic reaction, but the striking 
similarity with hydrotropic reactions indicates that the effects of 
the difference in osmotic concentration during bending are most 
significant. 

When an insect is caught and digested, the unbending of the 
tentacle is postponed a considerable time, occasionally several 
days. It would appear that the absorption of food material 
through the gland inhibits the reaction to the inequality of con- 
ditions produced by the bending. All the cells of the tentacle 
from base to apex are generally aggregated while food is being 
absorbed. According to Gardiner ('85) the state of aggregation 
is accompanied by a loss of water and he found that the injection 
of water into the tissue stopped aggregation at once and restored 
the cells to their normal condition. This probably accounts for 
the fact that the osmotic concentration in the cells of bent tentacles 
is higher than under any other circumstances. When absorption 
ceases, aggregation stops and the tentacles unbend in the normal 
manner. This is brought about by increased turgidity of the cells 
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on the concave side. Without doubt the same factors found to 
determine bending are involved in the unbending, but the process 
is so slow that it resembles ordinary plant growth. It does not 
seem probable that this deferred reaction can be a direct response 
to changes produced by a difference of osmotic concentration which 
existed during bending, but is now completely eft’aced. In these 
cases unbending is probably’ a response to changes taking place 
as the result of a cessation of absorption and the end of the aggre- 
gated condition. Nevertheless the effects of the difference in 
osmotic concentration are conditioning factors of the unbending 
reaction, for an accelerated rate of growth on the adaxial side of 
the tentacle occurs only after previous bending. 

IV. SUMMARY 

The osmotic concentration in cells of Drosera rotundifolia ten- 
tacles was measured by plasmolysis in potassium nitrate and • 
glucose solutions. Measurements were made on straight, bending, 
bent and unbending tentacles. The osmotic concentration in the 
cells on the abaxial side of the stalk, in the growing region, was 
found to diminish during bending; no change was observed on the 
adaxial side. The decrease in osmotic concentration is accounted 
for by the increase in volume of the cells, and is therefore considered 
an effect and not a cause of their elongation. There is no indica- 
tion that changes in permeability occur. 

The elongation is produced by a decrease in the elasticity of the 
cell-walls, and is later fixed by growth. The movement of ten- 
tacles is therefore brought about by the same mechanism found in 
geotropically reacting organs, where a decrease has been observed 
in the osmotic concentration in the cells whowse growth causes 
bending. 

Similarities between hydrotropic reactions and autotropic 
unbending of tentacles and of geotropically bent roots indicate 
that the growth on the concave side which brings about the un- 
bending is a response to changes resulting from the difference in 
osmotic concentration present during bending. As in hydrotropic 
reactions, growth takes place on the side -with the higher osmotic 
concentration. ' , 
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Studies in the genus Lupinus — I. A new species of the subgenus 

Platycarpos 

Charles Piper Smith 

I have recentl}^ made a critical study of the material usually 
determined as either Lupinus microcarpus Sims or i. de 7 isiflonis 
Benth., and have prepared an illustrated paper, monographic in 
scope, giving in detail my conclusions and a new classification^ 
As conditions beyond my control prevent the prompt publication 
of this work, I deem it expedient to publish at once a preliminary 
paper. 

Heller (Muhl. 8: 87. 1912) has already proposed a separation 

of the subgenus Platycarpos into two sections, applying the group- 
name “PusiLLi” to the loosely flowered small species of the Mexi- 
can Plateau, the Great Basin, and the Rocky Mountain region. 
The verticillate and commonly larger plants of the Pacific Slope 
should accordingly be assembled into a group that would properly 
bear the name “Microcarpi.’' 

The published names of members of this group indicate twelve 
species and one variety. Of these L. microcarpus Sims, L. densi- 
florus Benth., L. luteolus KelL, and i. malacophyllus Greene are 
recognized as species by authors generally and are accepted by me 
i. liorizontalis Heller I am also able to accept as a species; but the 
other names, except for two which are acknowledged as synonyms, 
I must use as representing varieties of either L. microcarpus or 
L. densifiorus. 

Most of the North American plants commonly determined as 
L, microcarpus, however, I am not able to accept as Sims’ species, 
and in order to draw a more satisfactory line of distinction between 
the initicil species of Sims and Bentham, and, at the same time do 
justice to a group of unnamed variations that I deem worthy of 
recognition, I propose the following species as new: 

Lupinus subvexus sp. nov. 

Eramosus vel ramosus, 20-40 cm. altus, caule cum eramoso 
plerumque elongato foliis sparsis, villoso pills 2-4 mm. longis: 
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foliolis 6-10, 20-30 cm. longis, obianceolatis, apice obtusis vel 
rotuiidatis, subter laxe villosis; pedunculis elongatis, verticiliis 
3-7, distantibus ; floribus ad anthesin postea pandentibiis ascen- 
dentibus vel suberectis, 14-16 mm. longis; pedicellis prope i mm. 
longis, robiistis; bracteis villosis, vix 10 mm. longis: calyce ebracte- 
olato, prope 10 mm. longo, subter villoso pilis prope 1.5 mm. longis, 
labio superiore diverse prope 2 mm. longo, inferiore inflate 3.5-4 
mm. lato, 2-dentato, sinu dentis vestigio instructo vel sine eodem, 
dentibus vix i mm. longis; corolla atro-purpurea praesertim vexilli 
alarumque dimidiis terminatis; vexillo apice rotundato 13-15 mm. 
longo, 8 mm. lato, abrupte contracto ungue 4-5 mm. lato; alis 
11-13 longis, ad basin super frequenter non ciliatis; carina 
lo-ii mm. longa suberecta vel aliquantum curvata; leguminibus 
prope 12 mm, longis: semina non vidi. 

Simple or branched, loosely villous, the hairs 2-4 mm. long; 
whorls three to seven, well-separated ; flowers spreading in an thesis, 
evidently ascending to suberect later; calyx ebracteolate, quite 
villous below ; pods not secund. The typical plant has the lower lip 
of the calyx evidently inflated (subsaccate) near the base, large 
flowers with much of the banner and wings dark purple, and the 
banner rounded apically. Most of the varieties have the lower 
calyx-lip scarcely or not at all inflated and smaller flowers with 
the banner gradually narrovred to an acute apex. 

The type is Heller & Brown 5413 ^ collected near Madison, Yolo 
county, California, April 29, 1902, sheet 9586 in the Dudley 
Herbarium of Stanford University. 

Descriptions of the varieties recognized, distribution, full cita- 
tions of specimens determined, keys, and figures of floral parts will 
be given in the main paper when finally published. 

College Park, Maryland 
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The Chenopodiaceae of the North American Flora 

Paul Carpenter Standley* 

The North American Chenopodiaceae have been treated pre- 
viously in two monographic accounts. The first of these was that 
of Moquin-Tandon in De Candolle’s Prodromus,t published in 
1849, Moquin had access to a very limited number of specimens, 
for at that time scarcely any collections had been made in the 
western United States and northern Mexico, the parts of the 
continent in which the family is most extensively represented. 
The other monograph of the North American species, by Watson, 
appeared in 1874.$ The latter author had the advantage of fairly 
ample collections, and his monograph is very useful even now, 
although many additional species have been described in recent 
years. Watson enumerated 83 species; the present writer, in the 
treatment of the family for the North American Flora, § has 
recognized 223. The great increase in number of species in the 
last forty years is due partly, of course, to a different conception of 
specific limits, but chiefly to more extensive exploration. Several 
European and South American species have become naturalized 
only in comparatively recent years. It is not probable that the 
present number will be greatly increased unless from parts of 
Mexico still unexplored. 

* Published by permission of the Secretary of the Smithsonian Institution, 
t 13®: 41-210. 1849.' ' ' ' ' 

I Proc.^Amer. Acad. 9: 8^-126. 1874.,' ■ " ' 

§21:3-93,. 27 N 1916. • ' : * 

' |The Bulletin for , August (44:' 369-^410) was 'issued August io,^r0t7.} , , • 
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This family is not an easy one for study, especially because of 
the great individual variation frequently found within a species. 
It is often extremely difficult to decide where specific lines should 
be drawn, consequently it will be many years before all American 
botanists agree upon a classification. Such a condition is not 
peculiar to the Chenopodiaceae, but it does seem more charac- 
acteristic of this family than of some of the closely related ones, 
such, for instance, as the Amaranthaceae, in which the species are 
clearly defined. 

The present notes are intended to explain some of the more 
important changes in nomenclature which the writer has found 
necessary, as well as to illustrate by citation of specimens the 
material upon which some of the new species are based. In the 
case of new species founded upon a single collection, no comments 
seem necessary, the basis of segregation being explained suf- 
ficiently by the keys. In the course of the preparation of the 
account of the family, the writer examined, besides the material 
in the United States National Herbarium, all that in the Gray 
Herbarium and the herbaria of the New York Botanical Garden 
and the Missouri Botanical Garden. Certain material was lent, 
also, from the herbaria of the Field Museum of Natural History, 
the University of California, and Professor W. L. Jepson. 

CHENOPODIUM L. 

In none of the genera of the Chenopodiaceae are the species 
quite so perplexing as in Chenopodium, particularly in the group 
. of 64 album L. and its allies. This applies not only to the species of 
eastern North America, which are mostly adventive from Europe, 
but also to the western ones, which are endemic. The chief char- 
acter relied upon for specific segregation has generally been leaf 
form, which, in any group of flowering plants, is seldom by itself 
a satisfactory criterion of species. In the present instance it is 
doubtlhss the best character available, at least in the case of the 
, European species. 

In Europe much atteiition has been devoted in recent years 
to a study of CMmpoditmt a study based not only upon large series 
of herbarium specimens, hut also pedigreed plants. 
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As a result an almost endless number of forms have been described 
and named. Many of these minor forms occur in North America, 
and any one who is interested in their segregation .could find here 
an almost unlimited field for investigation. To the writer, how- 
ever, most of the forms recognized abroad seem to be based upon 
such slight and inconstant characters that they scarcely deserve 
serious consideration, especially in America, where the flora as a 
whole is still so imperfectly known. 

In Europe, too, many presumed hybrids have been described, 
not only hybrids between species but even between hybrids. 
Most of these are known only from cultivated plants. If hybridi- 
zation is a common phenomenon in the genus it may well explain, 
partially at least, the obstacles to the determination of specific 
limits. It is unfortunately true that the North American species 
are still but poorly understood, and that a wholly satisfactory 
arrangement of them is apparently not to be secured at present. 

Chenopodium pallescens Standley, N. Amer. FL 21: 15. 1916 

The plants referred to this species have passed as C. leptophyllum 
Nutt, and C. suhglabrum (S. Wats.) A. Nels. They are most like 
the latter species in pubescence and habit, but are distinguished 
from both by having the pericarp firmly attached to the seed. 
The following specimens have been seen: 

Missouri: Allenton, on stony hills, August 30, 1887, Eggert; 
near Pacific, Eggert; Webb City, E, J. Palmer 1041; Sheffield, 
Bush 55J. Oklahoma: Lincoln County, 1895, Blankinship; 
Sapulpa, Bush 48g, Texas: Dallas County, Rm)erchon 8x8. 
New Mexico: Roswell, Earle 326 (type), 

Chenopodium inamoenum, Standley, N. Amer. FI. 21: 15. 1916 

Although closely related to C. leptophyllum, which it resembles 
in general appearance, this species has the pericarp adherent to 
the seed, instead of free. It has a wide range, as shown by the 
following list of specimens examined, 

Oregon: P Ranch, Griffiths Hunter 281. Montana: Horr, 
M earns 33x8. Wyoming: Bitter Creek, Sweetwater County, 
A p: Nelson ^3704a. Utah: Henry Mountains, Joms , 56 q5U.^ 
Nevada: Ely, ^4.' E. Hitchcock 1237. Arizona: Nagle's'^Ranch^' 
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Jones 6osof, New Mexico: Mangas Springs, -1903, Metcalfe; 
Farmington, Standley 7101. Chihuahua: near White Water, 
Mearns 2286 (type). 

Chenopodium hians Standley, N. Amer. FI. 21: 16. 1916 

Of the group of C. leptophyllum, but distinguished from all the 
related species by its ill-scented foliage. This character, which 
has been ignored heretofore, seems to be a very good one. The 
European C. Vulvaria L. has always been noted for its diagreeable 
odor, and several American species possess the same character. 
Their odor is quite different from that of C. ambrosioides L. and 
its allies. The type of C. hians was collected near Duke, New 
Mexico (Standley 8i2g) and the species has been obtained by the 
writer at Ensenada (No. 10764) and Ute Park in the same state. 
A specimen from Bear Creek, near Eagle Peak, Wyoming, col- 
lected by Schuchert, is also referable here. The species is dis- 
tinguished, also, by the erect calyx, which does not embrace the 
fruit closely as in related species. 

Chenopodium cycloides A. Nels. Bot. Gaz. 34: 363. 1902 

The original collection, from Grant County, Kansas, is too 
immature to show the true characters of this species and might at 
first glance be referred to C. leptophyllum Nutt. The only other 
locality known for the plant is on sandhills in Dona Ana County, 
New Mexico, where it is abundant, according to Mr. E. 0 . Wooten, 
who has obtained excellent and ample specimens at two different 
times. The species is distinguished from all those of the C, lepto- 
phyllum group by its calyx, almost rotate at maturity and with • 
ecarinate lobes, and by its bright red pericarp. Indeed, the 
general appearance of the mature plant does not at first remind one 
oi geims Chenopodium. 

Chenopodium nevadense Standley, N. Amer. FI, 21: 16. 1916 

A relative of C. atrovirens Rydb., but distinguished by having 
the seed adherent to the pericarp, and by the. small leaves and 
seeds. The type is from Winnemucca Lake, Nevada (Kennedy 
igos). Shockley's No. 542 from Candelaria also belongs here, 
besides one or two other Nevada collections examined. 
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Chenopodixjm Pringlei Standley, N. Amer. FL 21: 18. 

1916 

Allied to C. Fremonti S. Wats., to which the specimens have 
been referred, but distinguished by the form of the leaf blades, 
which are coarsely sinuate-dentate and only slightly lobed. In 
C. Fremonti the well-developed lobes are usually entire, at least 
the large terminal one. The type of C. Pringlei was collected near 
Dublin, Hidalgo, Mexico {Pringle g28j). Pringle’s No. 6570 
from Tule, Hidalgo, is the same species. 

Chenopodium neomexicanum Standley, N. Amer. FL 21: 19. 

1916 

Related to C. Fremonti S. Wats., but differing in the adherent 
pericarp. The type was collected along Mineral Creek, Sierra 
County, New Mexico, by O. B. Metcalfe (No. 1413), and the 
species has been collected in the Chiricahua Mountains of Arizona 
by J. C. Blumer (No. 1409). 

Chenopodium arizonicum Standley, N. Amer. FL 21: 19. 

1916 

A segregate from C. Fremonti^ distinguished primarily by having 
the pericarp adherent to the seed. It is distinct from C, neo- 
mexicanum in the size of the seed, scarcely more than half as large 
as in the latter. The following specimens have been seen : 

Arizona: Santa Rita Forest Reserve, Griffiths ^9^2 (type); 
Santa Rita Mountains, Griffiths 6011; near Tucson, 1911, Waoton; 
Rincon Mountains, Blumer 3585, 

Chenopodium amaranticolor Coste & Reynier, Bull Soc. Bot 
France 54: 181. 1907 

A species not reported previously from North America. It 
is a relative of C. album L., from which it is distinguished by its 
broad leaf blades and the red coloration of the upper leaves and 
inflorescence. Specimens from Thomasville, Georgia {E, B, 

. Taylor i 1909) and Santiago de las Vegas, Cuba (Abarca 2^g4), 
are referred here. The native habitat of the plant is not known, 
but it has been found as a weed in France. It is sometimes culti- 
vated as a foliage plant. ' / ' , 
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Chenopodium VIRIDE L. Sp. PI. 219. 1753 

Chenopoditmi opiilijolium Schrad.; Koch & Ziz, Cat. PL Palat. 6. 
1814. 

This is a well-known Old World species which generally has been 
known as C. opulifoUum, C. viride L., however, was based upon 
a plate wdiich evidently represents the same plant. The Linnaean 
name has been applied usually to the plant which is properly 
known as C. paganum Reichenb. So far as the writer knows, 
C. viride^ in the sense in w'hich the name is used here, has never 
been reported from North America, but the rather numerous 
collections cited below should all be referred to it. It differs 
from C. album, with which American specimens have been con- 
fused, in having the blades of the lower leaves as broad as long 
and, when dry at least, of a peculiar bluish-green color. 

Ontario: Ottawa, Macoun 5872; Sandwich, Macoun 54723^ 
Rhode Island: Providence, July 31, 1892, /. F. Collins. Mary- 
land: Cumberland, September 12, 1898, Steele. Illinois: East 
St. Louis, September, 1894, E^ggert; Rockford, Bebb; Mt. 

Carmel, July 12, 1894, Schneck. Missouri: Joplin, Bush 2041, 
Texas: Big Springs, June ii, 1900, Eggert. 

Chenopodium dacoticum Standley, N. Amen FL 21: 22. 1916 
This species is related to C. album and C. ferulatum Lunell, but 
appears sufficiently distinct in the very coarse, loose pubescence, 
ill-scented foliage, and coarsely punctate seeds* The following 
specimens are in the National Herbarium; 

South Dakota: Cedar Pass, Over 617$ (type); Fall River 
Falls, Rydberg 964; Talus slopes, badlands, Washington County, 
August 4, 1914, Over; summit of Sheep Mountain, Pennington 
County, August 20, 1914, badlands near White River, August 

I, 1914, Over; White River, Over 6211. 

The same plant apparently, doubtless adventive, has been 
collected in waste ground at Courtney and Sheffield, Missouri, 
„by B* F. Bush (Nos. 7058A, 7066). ■ ■ 

Chenopodium petiolare H. B, K. Nov. Gen. & Sp* 2: 191. 1817 
North American botanists have overlooked this species, but in 
Europe it has been generally recognized in recent years, and North 
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American material has been referred to it by European writers. 
It has been confused with C. album, to which it is very closel}'" 
related j differing chiefly in the deeply lobed blades of’ the upper 
leaves, and the dull rather than lustrous seeds. It is widely dis- 
tributed in the Southwest. Some of the numerous collections at 
hand are cited below. 

Colorado: Durango, Baker, Earle, &f Tracy 487. Ne^v Mexi- . 
co: betAveen Santa Fe and Canyoncito, Heller 3787; Chama, 
Standley 6315; Ensenada, Standley Bollman iiog7; Mangas 
Springs, Metcalfe 216; Mesilla, Wooton 83. Arizona: Willow 
Spring, Palmer 386; Flagstaff, July 3, 1891, MacDougaL Nevada: 
Truckee Valley, Bailey g6g, California: Cameron’s Ranch, 
Schoenfeldi 3682; Panamint Mountains, Coville & Funston 813. 

Chenopodium aristatum L. Sp. PL 221. 1753 

This is known definitely to occur in Siberia, but whether it is 
found in North America is still doubtful. It has been reported 
from Alaska and Mexico, and it is reasonable to expect it in 
Alaska, although none of the numerous collectors who have visited 
that region in recent years have found it. The occurrence of the 
species in Mexico seems very doubtful. The plant is so distinct 
that it scarcely seems probable that any other species would be 
mistaken for it. There is always the possibility of a misplaced 
label as an explanation of an otherwise inexplicable extension of 
range. 

Chenopodium xncisum Poir.; Lamarck, Encyc. SuppL i: 392, 

1810 

IChempodium graveolens Lag. & Rodr. Anal. Ci. Nat. 5 : 70. 1802. 

Tehxys cornuta Torr. Padf. R. R. Rep. 4: 129, 1857. 

Chenopadium ' cornuium Benth, & Hook.; S. Wats. Bot. Calif. 2: 

482. : 1880. 

Chenopodium incisum has a wide range, extending from south- 
ern Colorado, through Mexico and Central America, to South 
America, besides occurring in Africa. Probably it should be 
known as C, graveolens Lag. & Rodr., but the data afforded by the 
original publication of that species are insufficient for certainty. 
The plant, of the United States, has^Leen,;known general, ly as,C- 
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cornMkm, but it differs in no way from the mass of Mexican ma- 
terial. Tropical ' forms have been referred commonly to C 
foetidum Schrad., a different plant of which the writer has seen 
no North American specimens. 

Chenopodium dissectum (Moq.) Standley, N. Amer. FL 21: 26. 

1916 

Ambrina dissecta Moq. Chenop. Enum. 38. 1840. 

Apparently this is a very rare plant. Before seeing material 
of it the writer presumed, from Moquin’s description, that it was 
only a form of C. incisum. It is, how^ever, quite distinct, being 
more closely related to C. Botrys L., as was apparent when the two 
following collections were discovered, both of which agree perfectly 
with the original description. 

Mexico: Saltillo, 1898, Palmer 353; Valley of Mexico, Schaff- 
ner 437. 

Chenopodium vagans Standley, N. Amer. FL 21: 26. 1916 
Chenopodium chilense Schrad. Ind. Sem. Hort. Getting. 1832: 

2. 1832; Linnaea 8 (Litt.-Ber.) : 25. 1833. Not C. chilense 

■Pers. 1805. 

Although most of the segregates from C. ambrosioides are too 
poorly marked to deserve specific rank, the one to which the above 
names have been applied seems to be an exception. It has ap- 
parently been overlooked by American botanists, the collections 
at hand having been identified mostly as C. anthelminticum L. 
C. vagans differs from all the forms of C. ambrosioides in its white- 
villous stems and in the conspicuously dentate or sinuate-pinnatifid 
leaves of the inflorescence. In fruit the plants have a character- 
istic appearance because of the very numerous, much elongate, 
slender spikes. The species is a native of Chile, and probably 
is adventive in California. The following specimens have been 
examined: 

California: Clinton, Hansen 2020; lone, Braunton 1185; 
Tehama, Ward^ioi; Ukiah, Chestnut 34g; North Fork, Griffiths 
4648; Mendocino, H. E. Brown g4g; Crystal Springs, Elmer 4134; 
without locality, 1860-67, Rattan, 

A specimen *'Ex Herb. E. & C. Faxon'' collected at Boston, 
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Massachusetts, in 1878, is probably C. vagans, but the plant is too 
young for definite determination. 

Chenopodium ambrosioides L. Sp. PL 219. ,1753 

This species, a native, presumably, of tropical America, is now 
widely diffused through the tropics of both hemispheres, and is 
naturalized in many regions far outside the tropics, especially in 
North America. As a consequence of its extensive range it 
exhibits much variation, but none of the forms seem worthy of 
specific recognition and few' of them of rank as subspecies. C. 
anthelminticum L., which has been recognized in most North 
American manuals as a species or subspecies, does not seem to be 
worthy nomenclatural recognition. It is apparently nothing 
more than a poorly marked seasonal variation. 

Chenopodium farinosum (S. Wats.) Standley, N. Amer. FI. 21: 

28. 1916 

Chenopodium murale farinosum S. Wats. Proc. Amer. Acad. 9: 97. 

1874. 

Although described as a -variety of C. murale L., this plant is 
far removed from that species and finds its nearest ally in C. 
glaucum L., differing from the latter in its large §ize and large 
glabrate leaves. In North America it seems to be confined to 
California, but, like some other Californian plants, it occurs also 
in western South America and in Paraguay. The following col- 
lections are representative: 

California: without locality, 1853-56, C. Wright; Santa 
Cruz Mountains, A, E. Hitchcock 183; Nigger Slough, Los Angeles 
County, Braunton 338; San Francisco, Bolander 2489 (type). 

Chenopodium salinum Standley, N. Amer. FI. 21: 29. 1916 

The above name is proposed for the native North American plant 
which has been referred to the Old World C. glaucum. The latter 
is rather sparsely adventive from New Brunswick to Virginia and 
as far west as Nebraska. C. salinum tanges from Manitoba and 
Alberta to New Mexico and Arizona, and has been collected in 
Missouri, where, ^ doubtless, it is adventive.' -'The Norths American' 
plant has . stout, dense, short, mostly axillary, spikes of .flowers, 
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with sparsely villous rachises, and finely ' tuberculate seeds; the 
European plant has slender, elongate, interrupted, axiliar}?" and 
terminal spikes with glabrous rachises, and smooth seeds. While 
the differences may not seem very great, they are easily recognized 
when the t^’O forms are compared. There seem to be no inter- 
mediate plants. 

BLITUM L. 

Blitum virgatum L. Sp. PI. 4. 1753 

An Old World species, closely related to B. capitatum L., but 
distinguished by the leafy rather than naked inflorescence, obtuse 
margin of the seeds, and copiously branched stems. It has 
escaped recognition by American botanists, but specimens in 
various herbaria were collected long ago in Massachusetts and 
New York, probably mere waifs. It seems to have become 
naturalized in the Northwest, having been found in Washington 
(Pullman, 1900, Piper) ^ Oregon (Wallowa Mountains, 1897, 
Sheldon 8846)^ and Idaho (Ketchum, 1911, Nelson & Machride). 

ATRIPLEX L. 

Atriplex hastata L. sp. PL 1053. 1753 
Chenopodium subspicatum Nutt. Gen. i: 199. 1818. 

Atriplex lapathifolia Rydb. Mem. N. Y. Bot. Card, i : 133. 1900. 

Atriplex carnosa'K, Nels. Bot. Gaz. 34: 361. 1902. 

Recent writers upon the botany of the western United States 
have insisted that the plants of the Rocky Mountain and adjacent 
regions previously referred to A. hastata were distinct from the 
beach or salt marsh plant of the Atlantic and Pacific coasts. 
Their conclusions must have resulted from the paucity of eastern 
material for comparison. In the large series of northeastern 
specimens in the herbarium of the New England Botanical Club 
all the Rocky Mountain forms can be matched without difficulty; 
and it is easy to find European specimens, also, which agree in 
essential characters. In Europe names have been given to all the 
easily recognizable variations, and it would be possible to find 
American plants referable to many of the European forms. These, 
however, are based upon too inconsequential characters to deserve 
attention. 
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Probably it will never be possible for all botanists to agree 
upon a treatment of the species of A triplex of the A. hastata 
alliance^ and in the past both European and American authors 
have held widely divergent views as to specific limits within the 
group. The present writer has recognized eight species in North 
America^ namely : A . drymarioides Standfey, known from a single 
Alaskan collection; A. wsteraefoUa (Hook.) S. Wats., of Wash- 
ington ; A . alaskensis S. Wats, ;A. Gmelini C. A. Mey., ranging from 
northern California to Alaska; A. joaguiniana A. Nels., occurring 
from British Columbia to central California; A. littoralis L., 
A . patula L., and A, hastata L. All of these, except the first three, 
are closely related and are distinguished by comparatively slight 
variations. A. Gmelini and A. joaguiniana are probably suffi- 
ciently distinct. Of the last three, A, littoralis is doubtless the 
''strongest” species and when properly limited is easily recognized 
by its linear leaf blades and erect habit. The only American 
specimens seen that are referable to it are from the coast of 
Maine, except a few found as waifs in the vicinity of Philadelphia. 
Both A. patula and A, hastata seem to the writer to deserve specific 
rank. While no sharp line can be found to separate the multi- 
tudinous forms which are referable to them, the typical form of 
each repi'esents a well-marked center of variation, which seems to 
merit more than subordinate rank. 

Atriplex rosea L. Sp. PL ed. 2. 1493. 1763 

Atriplex spatiosa A* Nels. Bot. Gaz. 34: 360. 1902. 

Although this Old World, species has been found along the 
Atlantic Coast from New York to Florida, it is probably nowhere 
in this area more than a waif. In the west, however, its status 
is very different, for although it seems to have been introduced 
only recently, it has spread with amazing rapidity, its present 
known range extending from Washington to South Dakota, 
southern California, and northern Chihuahua. In many parts of 
its western range it is extremely abundant, so much so that in 
places it has been cut for hay. In parts of NeW” Mexico it has 
every appearance of being a native plant, occurring in abundance 
many miles from a railroad.. Its case is somewhat comparable to 
that of the Russian thistle, a European plant which for some un- 
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known reason has found conditions in America^ particularly favor- 
able for its spread. In the present instance, however, there seems 
to be no great harm involved, and the plant may even be bene- 
ficial if it is useful as forage. Probably within a few years it will 
have spread throughout the Great Plains region and the territory 
westward to the Pacific Coast. 

The oldest western specimens in the National Herbarium were 
collected in Wyoming in 1897. The first Oregon specimens were 
obtained in 1901, and’ all those from other western states still 
later. 

Atriplex saccaria S. Wats. Proc, Amer, Acad, g: 112. 1874 

Atriplex cornuta Jones, Proc. Calif. Acad. II. 5: 7 ^^* 3 [ 895 « 

Among North. American species this is remarkable in having 
strongly dimorphous fruiting bracts. In certain other species 
also the bracts vary greatly upon a given plant, butdn none, except 
the abnormal A, hortensisl^. and its allies, do these parts exhibit 
such striking variation as in - 4 . saccaria. The name saccaria has 
been ignored by recent writers upon western plants. It was 
based upon specimens vshowing only the small fruiting bracts (the 
large ones had fallen off, doubtless) ; hence it is not remarkable 
that the species has been wrongly identified from the description, 
and that Mr. Jones once regarded it as a variety of A. tnmcata 
(Torr.) A. Gray. 

Atriplex sordida Standley, N. Amer. FI. 21; 47. 1916 

Of the A. argentea group, differing from that species in the 
sessile, wholly alternate leaves, and from A. expansa S. Wats, in 
the terete branches, coarse and loose pubescence, and smaller seed. 
The type was collected in the San Jacinto Valley, California, In 
1880, by G. R. Vasey (No, 549). A collection from Santa Monica, 
California {Parish 1124)^ also belongs here.- 

Atriplex ' mohavensis (Jones) Standley, N. Amer. FI. 21: 47, 

1916 

Atriplex expansa mohavensis Contr. West. Bot, 11:20. 1903. 

This name applies to the common plant of central and southern 
California which has passed as A. expansa S. Wats. The latter, 
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howeverj is restricted to the Rio Grande Valley of southern New 
Mexico, western Texas, and northeastern Chihuahua. The bracts 
of the Californian plant are sufficiently distinct to entitle it to 
specific rank, and the ranges of the two species are widely separated. 

Atriplex Hillmani (Jones) Standley, N. Amer. FL 21: 48. , ■ 

1916 

Atriplex argentea Hillmani Jones, Contr. West. Bot. 11:21. 1903. 

This plant seems to have a limited distribution, being confined 
to Nevada and southeastern Oregon, so far as specimens show. It 
differs conspicuously from A . argentea in the form of the bracts 
and leaf blades. Representative collections are the following: 

Oregon: Malheur, &c., Cusick 1263, Nevada: Leonard Creek 
Ranch, Griffiths & Morris 346; Battle Mountain, Kennedy 4001^ 
A. E, Hitchcock 586; Lemmon Valley, Kennedy 2081. 

Atriplex minuscula Standley, N. Amer. FL 21: 51. 1916 

Most closely related to A. pusilla (Torr.) S. Wats., a species 
of eastern Oregon and northwestern Nevada, from which it is dis- 
tinguished by its larger bracts, these subhastate and denticulate 
or crenulate, not ovate and entire. The following collections have 
been observed : 

California: between Tulare and Tulare Lake, 1892, Palmer 
2728 (type); Laton, Kearney 33, 34; near Peso, Coville Funston 
124P; without locality, 1872, Torrey. 

Atriplex pentandra (Jacq.) Standley, N. Amer. FL 21 : 54. 1916 

rivtym pentandra Jacq. SeL Stirp. Amer. 244. 1763. 

Atriplex cristata Humb. & BonpL; Willd. Sp. PL 4: 959. 1806. 

In view of the fact that this plant was first described as a 
species of the Old World genus Axyris, it is perhaps not remarkable 
that its earliest name has been so long overlooked. More prob- 
ably it has been, neglected because its identity can be confirmed 
only by a consultation of Jacquin’s illustration, which occurs in 
one of the rarest of botanical works.’*' This shows that the name 
pentandra applies to the common plant of southern Florida 
and the West Indies, heretofore known as 

b';: Stirp.' Amer. Rkt 2^5. J7'63'- ' '/y, 
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Atriplex glomerata S. Wats.; Standley, N. Amer. FI, 21: 54, 

1916 

Founded upon Palmer's No. 1156, collected at Parras, Coaliiiila, 
in 1880. The type specimen, in the United States National 
Herbarium, bears the previously unpublished name cited above. 
The plant is related to the Mexican A, muricaia Humb. & BonpL, 
but differs in having unappendaged bracts. Two additional col- 
lections belong here: 

Mexico : Coahuila, Rose 3073; Buena Vista, Gregg 34Q. 

Atriplex Davidsonii Standley, N. Amer. FL 21: 57. 1916 

This name is proposed for a plant closely related to A . padfica 
A. Nels. {A. microcarpa [Benth.] D. Dieti*.) and A. CouUeri (Moq.) 
D. Dietr., but distinguished from both by its dentate leaf blades. 
In the form of its staminate inflorescence it is intermediate between 
those two species. The following collections have been examined : 

California: Balboa, Davidson 2Q51 (type); Long Beach, 
W. F, Parish; Los Angeles, Braunton 680; in 1884, Nevin; Colton, 
Parry 2S7. 

Atriplex sonorae Standley, N. Amer. FL 21: 62. 1916 

An ally of the Mexican A, Barclayana (Benth.) D. Dietr., but 
separated by the very different fruiting bracts, these being united 
only to the middle, their margins green' and deeply laciniate, and 
their sides sharply muricate. The following collections belong 
here : 

Sonora: Empalme, Rose, Slandley, & Russell 12631 (type); 
Guaymas, Palmer 671,672, 673, 674, 677, 6po: Sinaloa: Altata, 
November, 1899, Brandegee. 

Atriplex polycarpa (Torr.) S. Wats. Proc. Amer. Acad. 9: 117. 

1874 

Atriplex cnrvidens Brandeg. Proc. Calif. Acad. IL 2: 201. 1889. 

The type of A. curvidens, in the herbarium of the University 
of California, has been examined by the writer through the 
kindness of Professor H. M. Hall. It exhibits certain differences 
from typical vl. polycarpa, but none that are constant. /The 
stems and bracts are attacked by a fungus, probably a rust, and 
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it is suspected that the specimen is an abnormal one, deformed by 
the parasite. 

Atriplex obovata Moq. Chenop. Enum. 6i. 1840 

Airiplex Greggii S. Wats. Proc. Amer. Acad. 9: 118. 1874. 

When Watson prepared his account of the North American 
Chenopodiaceae he seems to have overlooked Moquin’s name. 
The type collection of A. obovata, obtained by Berlandierj was 
cited by Watson under his new species A. Greggii. Atriplex 
Jonesii Standley {A. sabulosa Jones, 1903, not Rouy, 1890) is 
very close to A. obovata and should, perhaps, be regarded as only 
a form of it. The two seem, however, to have separate ranges. 

Atriplex Gardneri (Moq.) Standley, N. Amer. FL 21 : 66. 1916 

Obione Gardneri Moq.; De Candolle, Prodr. 13A' 114. 1849. 
Atriplex Gordoni Hook. Jour. Bot. & Kew Misc. 5: 261. 1853. 

Atriplex eremicola Osterhout, Bull. Torrey Club 25: 284. 1898. 

The name Obione Gardneri has been neglected by all American 
botanists, pOvSsibly because of an impression that the plant was 
of South American origin. The type locality is given by Moquin 
as “Ad La Platte,^’ and the collector as Gardner. Hooker, how- 
ever {loc. cit.), pointed out that the specimen was really obtained 
by Gordon along the Platte River in North America. A fragment 
of the original collection {Gordon 251) in the Gray Herbarium shows 
that it is the same as the plant described by Osterhout as Atriplex 
eremicola. Since Moquin never changed the specific name first 
applied, the present writer prefers to maintain it in its original 
form. 

Atriplex canescens (Pursh) Nutt. Gen. i: 197. t8i8 

The authority usually given for the above combination is 
James, but this is incorrect. Nuttall first made the combination 
Atriplex canescens (based on Calligonum canescens Pursh), and 
although he described a different plant at the time he made the 
transfer of name, he must be credited with the authorship of the 
binomial., , /' ; ■ 

has an unusually wide range apd shows very ap- 
preciable variation in almost every character. The extenrive 
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series of specimens in the National Herbarlnrn indicates, however, 
that it is impossible to recognize any of the several segregates 
that have ^been proposed. Locally some of the forms appear 
distinct enough, but when the whole series of specimens' is ex- 
amined all shades of intergradient forms are found.. 

ENDOLEPIS 

Endolepis Covillei Standley, N. Amer. FI. 21: 73. 1916 

A triplex phyllostegia S. Wats. Proc. Amer. Acad. 9: 108. 1874 (i^"^ 
part). Not Obione phyllostegia Torr. 1871. 

Endolepis phyllostegia Rydb. Bull. Torrey Club 39: 312. 1912 

(in part). 

It is remarkable that a plant so distinct and apparently far 
from rare has been left so long unnamed, but the explanation is 
found in the fact that Watson confused it with a quite different 
plant, a true Atriplex. The original collection of Obione phyllo- 
stegia consists of immature and poorly prepared specimens, 
which, it now appears, are those of a presumably rare species 
renamed by Jones as Atriplex DraconisA^ Because of the unsatis- 
factory material at his dispo.sal, it is not surprising that Watson 
should have considered the Californian plants the same as Obione 
phyllostegia^ and that consequently he should have drawn his de- 
scription of Atriplex phyllostegia from them, chiefly. Probably 
as a result of this description Jones was led to describe his new 
species, Atriplex Draconis^ and Rydberg, later on, to transfer 
Atriplex phyllostegia to the genus Endolepis. 

SALICORNIA L. 

Salicornia fruticosa L. Sp. PL ed. 2. 5. 1762 
Apparently referable here is a specimen from Cameron, 
Louisiana, collected by W. L. McAtee in 1910 (No. 1916), as well 
as Nash & TayloPs No. 1122 from Inagua, Bahamas. 5 . fruticosa 
is a well-known Old World species, occurring in southern Europe, 
western Asia, Africa, and Polynesia. It is distinguished from 
S. perennis Mill, by the short, conic hairs upon the seeds. 

The common perennial Salicornia of the Atlantic and Gulf 


* Contr. West. Bot. 8: 40. 1898. 
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Coasts of North America and of the West Indies was referred by 
early writers upon American botany to Salicornia fmticosa L. In 
recent years all American botanists, following;, apparently, the 
statements made by Watson in 1^74,* have recognized the 
American plant as a distinct species under the name 5 *. amhigua 
Michx. The -present writer, however, can find no character by 
which to distinguish S. ambigua from * 5 . perennis, a common 
Old World plant, and the one which formerly passed as S, fm- 
ticosa L. Watson stated that the American plant had pubescent 
seeds and the European glabrous ones, but in making this compari- 
son the European plant he really had in mind was not the Lin- 
naean species, in its proper sense, but a plant now known as 
Arthrocnemum glaucum (Delile) Ung. Sternb. 

Salicornia depressa Standley, N* Amer. FI. 21: 85. 1916 

An annual plant of southern California, distinguished from 
"S. europaea L., as well as from S. ‘rubra A. Nels., by its elongate, 
prostrate lower branches and small seeds. The following are the 
only collections seen: 

California: San Diego, 1899, Brandegee (type); near the 
Initial Monument, 1898, K, Brandegee; Coronado Sand Spit, 
Chandler 4011, 

DONDIA Adans. 

As treated in the North American Flora, this genus includes 
twenty species, five of eastern North America, the rest western. 
Seven species are described as new, three of them known only 
from Mexico or from barely outside that country. The species 
of this genus are difficult of determination, and a greater amount 
of herbarium material, as well as more extensive study in the field, 
•will be necessary to obtain a wholly satisfactory treatment of them, 
if, indeed, such a treatment is possible. The species described as 
new seem to the writer to be based upon important differences; 
certainly they are fully as well marked as most of those heretofore 
recognized. 

Donoia befressa (Pursh) Britton; Britt. & Brown, III FL t : 585. 

1896 

There seeiti to be no definite characters by Which to separate 
from this DPcakeoUfarmis (Hook.) Rydb. and D. ewte (S. Wats.) 

p; i2!,s;Ci;:87,4i '' ' ' 
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A. Nels. The latter is said, by those who know it in the field, to 
differ strikingly in its prostrate habit, but in the herbarium no 
technical differences are discoverable, and the habital differences^ 
of course, are not then apparent. 

Dondia mexicana vStandley, N. Amer. FI. 21 : 89. 1916 

Most closely related to D, linearis (Ell.) Heller, a coastal plant 
of the West Indies and the eastern and southern United States, 
being distinguished chiefly by the much smaller seed. The fol- 
lowing are the only collections known at present: 

San Luis Potosi: Hacienda de Angostura, on alkaline plains, 
Pringle 3788 (type). Texas: El Paso, June 12, 1895, Plank, 

Dondia fruticosa (L.) Druce, List Brit. PL 60. 1908 

Chenopodina Moquini Torn Pacif. R. R. Rep. 7L 18, 1858 
(hyponym). 

Suaeda intermedia S. Wats. Proc. Amer. Acad. 14: 296. 1879. 

Dondia conferia Small, Bull. N. Y. Bot. Card, i: 280. 1899. 

Dondia Moquini A. Nels. Bot. Gaz. 34: 363. 1902 (hyponym); 

Abrams, FL Los i^ngeles 131, 1904. 

Dondia Wilsonii Millsp. Field Mus. Publ. Bot. 2: 297. 1909. 

The synonyms cited above are only the more important ones 
based upon North American plants. The most common Dondia 
of the western United States, northern Mexico, the Bahamas 
and Cuba, the writer is wholly unable to distinguish from the Old 
World D, fruticosa. The West Indian plant seems quite the vsame 
as that of the western United States, and the wide distribution in 
North America seems to make more plausible the specific identity 
of the Old World and American plants. 

The name D. Moquini, which has been much used in I'ecent 
years, is a hyponym, as published by Torrey, for no adequate de- 
scription was given. Strictly interpreted, the name should be 
typified by a Cuban specimen cited by Moquin, to which Torrey 
referred. 

Dondia ramosissima Standley, N. Amer. FL 21: 91. 1916 

The plants segregated under this name haveusualiypassed asP. 
sufffMtescens (S. Wats.) Heller, a species ranging from western Texas 
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and Cliiliiiahiia to Arizona, but they are distinguished by the 
slender, flexuous branches of the inflorescence and the flat leaves, 
these usually abruptly contracted at the base and apparently 
petiolate„ The following collections belong here: 

California: Saratoga Springs, Coville & Funston 304 ^ 303 ; 
Indio, June 10, 1907, F. Bailey; Calexico, December, 1901, X 
Holmes; Death Valley, Coville & Funston ig3; near Bakersfield, 
Coville & Funston 1233; Colorado Desert, 1869, Palmer. Arizona: 
Lees Ferry, Nelso7i 62 (type). Lower California: La Paz^ 
Nelson Goldman 7484; Los Angeles Bay, Palmer 13; Seven Wells, 
Sacaton River, Schoenfeldt 2887; Gardners Laguna, Schoenfeldt 
2gi2. 

Dondia taxifolia Standley, N. Amer. FI. 21: 91. 1916 

The material referred here has been included usually in D. 
calif ornica (S .Wats.) Heller. That species, however, has glabrous 
stems and leaves, while this is copiously pubescent throughout. 
The following specimens indicate its range: 

California: Newport, Davidson 2ggo; Santa Barbara, East- 
wood 132; Long Beach, Braunton 535; San Nicholas Island, April, 
1897, Trask; Playa del Rey, Abrams 24go (type); Santa Barbara 
County, Torrey 461; Santa Monica, Nevin 63 g. 

Dondia brevifolia Standley, N. Amer. FI. 21: 92. 1916 

This, too, is a segregate from D. calif ornica, differing in its 
copious pubescence. From D. taxifolia it is distinguished by the 
small flowers and much shorter leaves- Collections have been 
seen as follows: 

California: Newport, Davidson 1779 (type) ; Balboa, Davidson 
2932; San Clemente Island, Trask 37. Lower C/VLifornia: 
Agua Verde, 

United States National Museum, 

Washington 




Phytogeographical notes on the Rocky Mountain Region 
VII. Formations in the Subalpine Zone 

P. A, Rydberg 

In my Phytogeographical Notes, I have tried to present the dis- 
tribution of the Rocky Mountain phanerogams viewed from three 
different standpoints: (i) their zonal distribution, (2) their geo- 
graphic (provincial) distribution, and (3) their formational dis- 
tribution. In other words, I have classified the plants: (i) ac- 
cording to the life zone to which they belong; (2) according to their 
surface distribution, inside as well as outside the Rocky Mountain 
region; (3) according to the formation to which they belong, i. e., 
whether they are hydrophytes, or mesophytes, or xerophytes, or 
any subdivision of these. When I mention formation this should 
not be taken in a purely ecological sense. In the third paper of 
the series, ‘‘Formations in the Alpine Zone,”* I indicated that I 
treated the “Formations” purely from a phytogeographical 
standpoint, and have nowhere treated plant societies, and still 
two reviewers of my articles (both ecologists) have criticized me 
for not stating which were the characteristic, the most common, 
and the secondary species. To do this, when a whole mountain 
region is treated, is impossible, for in the same class of formations 
certain species may be the characteristic ones in one locality, while 
in another they may be only secondary or even lacking altogether. 

As shown in the fourth and fifth papers of this seriesf the vege- 
tation of the Subalpine Zone consists mostly of forests and grass- 
lands. Especially in the Southern Rockies, where the mountain 
slopes are very steep, another formation is also common, namely^ 
the rock-slides. Where the latter do not exist, the slopes are 
mostly covered by forest, while the hog-backs and valleys are 
grasslands. . • 

A. FORESTS ' ‘f ' 

As the forests evidently cover the larger area, they may be 
treated first. The forest trees are six: Picea/^ Engelrnmnii, 

' ^ Bull. ■ Torrey Club 41 : 459-474. 1914, 

' t Bull. Torrey Club 42; 1 1-18; 629-^32. 1915. 

•'431 V 
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Populus tremilloides, Abies lasiocarpa, Pinus aristata, Pintis 
exilis, and Pseiidots tiga nmcronata, of which the last two really 
belong to the Montane Zone and extend into the lower part only 
of the Subalpine Zone. Their relative importance, size, and dis- 
tribution have been treated before.'^ 

The forest formations of the Subalpine Zone in the Rockies may 
be divided into more or less defined classes, according to the most 
characteristic trees found there. 

I. Spruce-balsam forest 

This formation in the Southern Rockies is mostly found on the 
northern slopes and along water courses. The predominant tree 
is the Engelmann spruce, Picea Engelmannii, Sometimes it is 
found in pure stand, sometimes mixed with the subalpine fir or 
balsam, Abies lasiocarpa, occasionally also with the aspen. In the 
lower part of the zone the red fir, Pseudotsuga mucronata^ Is often 
added. The following species constitute mainly the flora of the 
spruce-woods, though several more might be added, especially such 
as are characteristic of the aspen groves, and occasionally accom- 
pany the aspen into the coniferous woods. 

The corresponding formation in the Northern Rockies resembles 
that of the Southern very closely, except that Abies lasiocarpa 
becomes more common on the western side, and on the western 
slope of the Bitter Root Mountains in places becomes the dominant 
tree, Lyalks larch, Larix Lyallii, and the alpine hemlock, Hes- 
peropetice Mertensianaj are added in the Bitter Root Mountains 
and the Selkirks, and the former in the main Rockies north of 
latitude 48® 30k The red fir, Pseudotsuga mucronata, scarcely 
reaches the subalpine region in the Northern Rockies, but the 
lodge-pole pine, Pinus Murrayana, often enters the lower portion 
of the zone. As stated in a previous paper, Picea Engelmannii and 
Abies lasiocarpa are rare in the Big Horn Mountains, and there 
often the upper limit of the lodge-pole pine constitutes the timber 
line. 

The undergrowth of the spruce-balsam forest in the Northern 
Rockies is similar to that of the Southern Rockies. Many of the 
plants are common to both regions, as seen from the following 

^ Bull. Torrey Club 42; 14-20. 
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list. The place of the plants limited to the Southern Rockies is 
taken by those enumerated below. Species in this and subsequent 
lists which are marked “ f are limited to the Bitter Root-Selkirk 
region while those marked are limited to the Canadian 

Rockies. 


Common to the Southern and Northern Rockies 


Trees 

Picea Engelmannii 

Pseudotsuga mucronata (lower 

Abies lasiocarpa 

portion of the zone only) 

{Populus tremuloides) 

Shrubs 

Sorbus scopulina 

GauUheria humifusa 

Lepargyrea canadensis 

Vaccinium caespUosum 

Pachystima myrsiniies 

oreophilum 

Linnaea americana 

scopariiim' 

Disiegia involucrata 

Herbs 

Poa crocata 

Tium alpinum^ 

Bromus Richards onii 

Atelophragma elegans 

Vagnera stellata 

Aragallus deflexus 

Disporum trachycarpnm 

Osmorrhiza obtusa 

Lysiella obtusata 

Ligusticum Porteri 

Ophrys borealis 

Moneses uniflora 

“ nephrophylla 

Pyrola chlorantha 

Cytherea bulbosa 

minor 

Alsine baicalensis 

secunda 

Thalictrum sparsiflorum 

Polemonium delicatum 

Airagene tenuiloba 

Pedicularis racemosa 

Parnassia fimbriata 

Veronica serpyllifolia 

Pectianthia pentandra 

Arnica cordifolia 

Ozomelis stauropetala 

“ Parryi 

Micranthes arguta 

T pumila 

Restricted to the Southern Rockies 


Herbs 

Anticlea coloradensis 

Ozomelis stenopeiala 

LimnorcMs pur pur ascent 

■ ^ , Parryi ^ , , . ' 

Aguilegw eleganfula ^ 

Vwlck momexicam 
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ConioseUnum scopulorum Adoxa moschatellma 

coloradense Valeriana omla 

Androsace pinetorum Senecio amplectans 

Castilleja confusa 


Restricted to the Northern Rockies 
Shrubs 


Ribes laxiflonm 
I '' hudsonianum 
“ petiolare 

Azaliastrum albiflorum * 
GatiUheria ovatifoUa 

tAlsine borealis 
Aquilegia cokmbiana 
formosa 
Deniaria rupicola 
Parnassia palustris 
“ Kotzebuei 
Heuchera glabra 
\PectiantMa Breweri 


Chiogenes hispudula 
Vaccinium occidentale 
globular e 

Linnaea longifiora 
Herbs 

XOzomelis trifida 
A telophragma Forwoodii 
Aragallus foliolostis 
XOsmorrhiza Leibergii 
Ligusticum filicinum 
Moneses reticulata 
Pyrola uliginosa 
Aster meritus 


2. Pine slopes 

The characteristic tree of this formation in the Southern 
Rockies is the bristle-cone pine, Pinus aristata^ which occupies dry 
slopes and ridges especially on the southern side of the mountains* 
It seldom forms a dense forest. Occasionally Picea Engelmannii 
or Populus tremuloides has encroached on the pine slopes and then 
the woods are more dense. In the lower part of the zone the 
bristle-cone pine is often mixed with the limber pine, Pinus flexilis. 
As Pinus aristata seldom makes a close stand but grows scattered 
on the slopes, the undergrowth is mostly made up of the grass 
formations, either that of the mountain slopes or that of the hog- 
backs. Wherever the trees stand close the undergrowth contains 
more and more of the element found in the more open woods. 
Some of the more common species are: Arenaria Fendleri, Arnica 
cordifolia. A* pumila, A. Parryi, Polemonium deUcatum^ Draba 
strepfocarpa^ D, aureiformist Pseudocymopterus montanus, Solidago 
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decMfnbens, Poa crocata^ Festuca saximontana, Agropyron Scribneri^ 
and Bromus Richardsonii. 

The general feature of_ the corresponding formation in the 
Northern Rockies is the same as that just described ^ . but the 
principal tree of the Southern Rockies, Pimis aristata, is not found 
there. Its place is taken by Pinus albicauUs, This tree grows 
even more scattered and the undergrowth is composed of plants 
which are still more characteristic of the grass-covered hog- 
backs. Some of the plants found in the Southern Rockies, as for 
instance Pseudocymopterus montanus, are lacking. Calamagrostis 
purpurascens and Agropyron laii glume are rather common. So 
are also Xerophyllum tenax and X. Douglasii in places, especially 
west of the mountains. 

3. Aspen groves 

The aspen in the Southern Rockies grows mostly on more 
gentle slopes than the pines, both on the north and south sides of 
the mountains, especially where the ground is richer and moist. 
It often takes possession of the ground after the coniferous forest 
has been destroyed by lire or otherwise. Usually it grows in 
groves, but sometimes mixed with the spruce, balsam and pines, 
especially along the edges of woods. 

The aspen is not so common in the Northern Rockies, and this 
is especially true of the Subalpine Zone. In the Montane Zone 
it grows usually mixed with other species of Populus, birches and 
alders, while in the Subalpine Zone it is found along the edges of 
the spruce woods, in company with alders and the mountain ash. 

The following plants are characteristic of the aspen groves, or 
else have followed the aspens where they grow mixed with the other 
trees: 

Common to the Southern and Northern Rockies 

Trees 

Populus tremuloides 

Shrubs 

SdUx bfdchycarpa Disiegia involucrata 

^ Sorbus-scopuUna Vaccinium scoparium 

Herbs 

'/.Pog.,crocata ^ - Bromus Richardsomi 
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B romus Pumpellianus 
Agropyron violaceum 
Carex Geyeri 
^ ^ Rossii 

brunnescens 
Allium brevistyliim 
Vagner a stellaia 
Iris missouriensis 
Disporum trachycarpum 
Coeloglossum bracteatum 
Alsine baicalensis 
Moehrmgia fnacrophylla 
Atragene tenuiloba 
Anemone glohosa 
Agtiilegia caerulea 
Arahis Drummondii 
Sieversia arizonica 
Lupinus parmfiorus 
“ pulcherrinms 
Tium alpinum 

Restricted to 

Salix Wolfii 
Ribes coloradense 


Danthonia Parryi 
Anticlea coloradensis 
Limnorchis purpurascens 
Aquilegia elegantula 
Draba chrysantka 
streptocarpa 
Viola neomexicana 
Ligusticum Porieri 
Pseudocymopterus montanus 


A teloph ragma elegans 
Chamaenerion latifolium 
Osmorrhiza obtusa 
Pyrola uliginosa 
“ minor 
“ secunda 
Pedicularis raceniosa 
'' bracteata 
Grayi 

Veronica serpyllifolia 
Campanula petiolata 
Oreochrysum Parryi 
Erigeron CouUeri 
glabellus 

Anaphalis subalpina 
Arnica Parryi 
“ pumila 
Achillea lanulosa 
Hieraciwn gracile 
A ster Lindleyanus 

I Southern Rockies 

Shrubs 

Ribes Wolfii 
Sambucus microbotrys 

Herbs 

Pseudocymopterus syhaticus 
Conioselinum scopulonm 
coloradense 
Castilleja confusa 
Polemonium foUosissimum 
Valeriana purpurascens 
Antennaria tiscidula 
Semcio amplectens 
** ambrmfoides , , , 



Rydberg: Phytogeographical notes 


437 


Restricted to 

XRibes htidsonianum 
'' petiolare 

Ag^uilegia Columbiana 
formosa 

A ragallus foliolosus 
Hedysarum sulphurascens 


the Northern Rockies 
Shrubs 

Ribes laxiflormn 
glandulosum 

Herbs 

Hedysarum' Mackenzii 
Wsmorrhim Leibergii 
Pedicularis coritorta 
Aster meritus 


4. Copses and borders of woods 

Shrubberies in the Southern Rockies are not common outside 
of the willow bogs, and the plants gathered together under this 
heading do not form a distinct formation but a mixture from 
several, especially of those of the aspen groves, the willow bogs, 
and the meadows. It consists in reality of the zone of strife 
betw^een the last one mentioned and the other two. It is therefore 
not necessary to give a full list of the plants, but only advisable 
to mention the more common ones. 

Copses are more common in the Northern Rockies, especially 
along the subalpine brooks, where Alnus sinuata is the predominant 
species. 


Common to the Southern and Northern Rockies 


Salix brachycarpa 
Vaccinitm scoparium 

Phleum alpinum 
Calamagrostis canadensis 
“ Langsdorjii 
Deschampsia atropurpurea 
Elymus glaucus 
Paiiicularia nervaia 

paucifiora 

Poa reflexa 
leptocoma 


Shrubs 

Distegia involucrata 

Herbs 

Olneyi 

Carex Geyeri 
Rossii 
brunnescens 
Veratrum speciosum 
Vagnera stellata 
Silene ^Menziesii 
Moehringia macrophylla 
Draba nitida 
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Fragaria hmcteafa 
Castilleja rhexifolia 
lanata 
Erigeron CouUeri 

Restricted to 

Salix Wolfii 
Acer trifida (Utah) 

Trisetum montamm 
Capnoides brachycarpum 
Drymocallis fissa 
Lathyrus arizonicus 
Ligusticella Eastwoodiae 


Antennaria anaplialoides 
Arnica Parryi 
Anaphalis subalpina 

the Southern Rockies 
Shrubs 

Samhucus microbotrys 
Herbs 

Pseudocymopterus montanus 
Oreochrysum Parryi 
Cirsium oreophilum 

Eatonii (Utah) 
griseum 


Restricted to the Northern Rockies 
Shrubs 

Rihes hudsonianum 
Alnus sinuata 

Herbs 

Homalobus Bourgovii 
Hedysarum sulphurescens 
Mackenzii 

Chaemaenerion angusUfoUum 
** latifolkm 
Senecio pseudauretis 
Castilleja Tweedyi 
“ lancifolia 

B. GRASSLANDS 

The grasslands have been discussed in the fifth paper of the 
series,*^ and the grasses were there enumerated. I shall not repeat 
here the discussion, but merely list the species of plants which 
enter into the composition of these different formations. 

^ Bull. Torrey Club 42; 629-634. 1915. 


%Salix Hookeriana 
XRibes glandulosum 

Silene repens 
oregana 

Aqtdlegia cahmbiana 
Sieversia ciliata 
Fragaria bf'ackata 
Lupinus monticola 
“ caespitosus 
Astragalus spicaius 
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I. Meadows 

Common to the Southern and Northern Rockies 


Mtihlenbergia racemosa 
comata 

PMeum pratense 
alpinum 

A lopemms aristulatus 
“ occidentalis 

Agrostis asperifolia 
“ hyemalis 

“ variabiUs 
Calamagrostis Langsdorfii 
canadensis 

Deschampsia atroptirpurea 
“ curtifolia 
caespitosa 

Tfisetnm suhspicatum 
** majus 

Graphephorum mnticim 
Danthonia calif ornica 
intermedia 
Poa pratensis 
reflexa 

** leptocoma 
alpina 
Olneyi 
Vaseyana 

Panicularia nervata 
“ pauciflora 
Hordeum jubatum 
Carex pyrenaca 
“ nigricans 
“ eburnea 
: PresUi 

brunnescens 

capillaris 

albonigra 

Reynoldsii 


Carex nova 

chakiolepis 
'' atraia 

Veratrum speciosum 
Jtcncus parous 

Mertensianus 
Juncoides pannflorum 
intermedium 
Lloydia serotina 
Bisiorta histortoides 
linear if alia 
Alsine strictiflora 
borealis 
“ longifolia 
“ calycantha 
■ Silene Douglasii 
Anemone glohosa 
Ranunculus alismaefolius 
micropetalus 
eximitis 
alpeophilus 
“ EschschoUzii 
Aguilegia caerulea 
Aconitum cohmibianum 
insigne 
Thlaspi glaucum 
Arabis Dnmmondii 
Clementsia rJwdantha 
Heuchera parvijiora 
Leptasea Hirculus 
Potentilla filipes 

“ diver sifolia . 

glaucophylla 
** decurrens 

. ** ' ardcMnoidea^ 

Fragafia glauca ; 
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Dasiphora frutdcosa 
Sieversia ciliata 
A comastylis turb-inata 
Viola hellidifoUa 
Primula angustifoUa 
Parryi 

Anthopogon elegans 
Antarella scopulorum 
pleheia 

“ stricti flora 

Dasy Stephan a Roma n sovii 
Phlox Kelseyi 
Myosotis alpestris 
Veronica Wormskioldii 
Valeriana eduUs 
Campanula petiolata 
SoHdago oreophila 
Aster Canbyi 
Erigeron elatior 
** flagellar is 

'' glabeUus 

Restricted to 

Muhlenbergia Wolfii 
Agrosiis melaletica 
Deschampsia alpicola 
Graphephorum Wolfii 
Poa callichroa 
ptidica 
\ occidentalis 
ixicholepis 
Caret 'i)dla 
'' e^apillosa 
Veratruffl\ temdpetahim 
Silene Ha^dii 
Sophia pur^urascens 
Cheirinia oManceolata 


Erigeron jucundus 

salsugmos'iis 

superbus 

Antemiaria hracteosa 
“ corymbosa 

“ microphylla 

rosea 

Rydbergia grandiflora 
Arnica rhizomata 
Rydbergii 
Senecio crassulus 
perplexans 
“ atratus 
'' pseudaureus 
pauciflorus 
'' cymhalarioides 
Achillea lanulosa 
subalpina 
Hieracium gracile 
Taraxacum ammophilum 
Agoseris aurantiaca 

the Southern Rockies 

Draba streptocarpa 
spectabilis 
Potentilla viridior 
Aragallus Parryi 
Anthopogon barbellahm 
Mertensia pratensis 
Besseya plantaginea 
Casiilleja brunnescens 
Campanula Parryi 
Pyrrocoma dementis 
Aster griseolus 
Erigeron formosissimum 
Rydbergia Brandegei 
Dugaldia Hoopesii 
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Arfiica macilenta 
“ subplmnosa 
Senecio pudicus 

chloranthus 
'' lapathifolius 


Senecio anaclePus 
“ amplectans 
“ foliosiis 

muUicapitatiis 
Agoseris graminifolia 


Restricted to the Northern Rockies 


Agrostis variahilis 
Poa nervosa 
Car ex ablata 

montamnsis 
“ spectabilis 
Jtmcoides glabratum 
Alsine crassifoUa 
Silene oregana 
“ repens 
Douglasii 

XPulsatilla occidentalis 
Ranunculus alismellus 
saxicola 
Suksdorfii 
Aconitum ramosum 
J delphinifoUum 

Thlaspi calif ornicum 
Heuchera flabelUfoUa 
ovalifoKa 

Pole7iliUa viridescens 
glomerata 
Vreelandii 
“ fiabelUfoUa 

“ virguUata 

DrymocalUs pseudorupestris 
Acomastylis sericea 
Sieversia ciliata 
Lupinus monticola 


Trifolium Hay deni 
A ragallus viscidtdus 
'' viscidus 
Epilobmm latiusculum 
X Druniniondii 

oregonense 

“ anagallidifolium 

Dodecatheon uniflonm 
Amarella anisosepala 
Phlox alyssifoUa 
Mertensia paniculata 
“ skfioloba 

Pentstemon fruticosum- 
“ crassifolium 

f “ Lyallii 

Castilleja lutea 

“ pallescens 
Adenostegia ramosa 
Euphrasia mollis 
^Campanula heterodoxa 
Erigeron politus 
Antennaria umhrinella 
Arnica tenuis 
Senecio megocephalus 
Eookeri 
lugens 

XAgoseris pumila 


,, '2, Dry yalleys and Benchdands*, . “ 

Species marked “ § are found in more sandy places; those 

*For description sed Bull. Torrey Bot- Club 42 : '632-' Ipi 5 * 
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marked “ Utah are restricted within the region of the Soiitliern 
Rockies to the Wahsatch and Uintah Mountains of Utah. 


Common to the Southern and Northern Rockies 


Stipa Tweedy i 
minor 
Poa crocata 
longiligtda 
^ ‘ lucida 
Buckleyana 
Bromus Porteri 

“ RicJiardsonii 
‘‘ polyanthos 
Agropyron violaceum 
Elymtis simplex 
Carex Hepburnii 
Engelmannii 
‘‘ occidentalis 
obtusata 
“ nipestris 
“ Rossii 
Efiogontim flavzm 

‘‘ umbellatum 
Cerastiiim scopulorum 
stricium 

Alsinopsis NnUallii (Utah) 
Anemone globosa 
Pulsatilla ludoviciana 


Thlaspi calif ornicum 
'' glaucum- 
Draha aureiformis 
Ivesia Gordonii 
PotentiUa filipes 

“ arachnoidea 
Dasiphora fruticosa 
%Gayophytum racemosum 
Phacelia heterophylla 
Pentstemon procerus 
Campanula petiolata 
Leptodactylum pungens 
Chrysopsis asperella 
Macronema discoideum 
Townsendia incana 
Antennaria aprica 

bracteosa 
corymbosa 
microphylla 
“ . rosea 

Hymenopappus cinereus 
Senecio Purshianus 
Achillea lanulosa 


Restricted to the Southern Rockies 


Carex Egglestonii 
Eriogonum arcuatum 

cMoranthum 
neglectum 
Cerastium variabile 
^Arenaria confusa 
“ globosa 
^Alsinopsis macrantha 


Lesguerella montana 

Wardii (Utah) 
Cheirinia lanceolata 
Draha Parryi 
** streptocarpa 
spectabilis 
‘‘ luteola 

brachystylis 
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Geranium Pattersonii 

Geranium pumila 

Pseudo pier yxia longiloba (Utah) Eriger on flagellar is 

Pentstem^on caespitosus 

Senecio Nelsonii 

Chrysopsis alpicola 

“ Jonesii (Utah) 

Restricted to the Northern Rockies 

Eriogomm Piperi 

Cogswellia montana 

“ polyphyllum 

Androsace septentrionalis 

' ‘ heracleoides 

Phlox alyssifolia 

Spraguea muUiceps 

Erigeron Tweedyi 

renaria lithophila 

Antennaria albescens 

t “ salmonensis 

Lygodesmia juncea 

Arabis exilis 


3- 

Mountain slopes* 

Common to the Southern and Northern Rockies 

Carex pyrenaica 

Rhodiola integrifolia 

nigricans 

Lithophragma bulbifera 

Geyeri 

Heuchera flavescens 

pseudoscirpoidea 

parviflora 

chimaphila 

Micranthes arnoglossa 

J uncus Drummondii 

rhomboidea 

“ Parry i 

“ brachypus 

Juncoides spicalum 

Spaihularia Vreelandii 

Lloydia serotina 

Ivesia Gordonii 

Salix peirophila 

Potentilla filipes 

saximontana 

diver sifoUa 

Cerastium scopulorum 

“ glaucophylla 

strictum 

divisa 

Anemone glohosa 

quinquefolia 

Aquilegia coeruka 

“ nivea 

Draba nitida 

saximontana 

“ crassifoUa 

Sibbaldia procumbens 

, Parryi ' ' 

Acomastylis turbmata 

aureiformis 

Homalobus humilis 

^^^Waurea , • 

Epilobium clavatum 

A rabis ohlanceolata 

, anagaUidifolium ' • 

oreophila (Utah) 

Angelica Rosei (Utah) 

For discussioa see Bull. Torrey Clxib 43 : 632 , :'19I5. 
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Amarella scopulonm 
plebeia 

Dasysiephana affinis 
Polemonium viscosum (Utah) 
Phacelia heterophylla 

alpina (Utah) 

“ sericea 
ciliosa 

Mertensia alpina 
Pentstemon procerus 
Synthyris pinnatifida (Utah) 
“ laciniata (Utah) 
Castilleja occidentalis 
Valeriana eduUs 
Campanula petiolata 
Solidago ciliosa 

oreophila 

Restricted to 

Carex nubicola 
J uncus Hallii 
Erythronium parviflorum 
Salix pseudolapponicum 
Cerastium Edrlei 
“ variahile 

oreophihm ■ 

VaUbergiUa Kingi (Utah) 

“ montana 
Anemone zephyra 
Aquilegia scopulorum 
thalictrifolia 
Sophia purpurascens 
Cheirinia oblanceolaia 
Draba chrysantha 
“ streptocarpa 
spectabilis 
lul&ola 


Aster andinus 
'' frondeus 
apricus 

Erigeron glabellus 
Aniennaria anaphaloides 
'' aprica 

'' pulcherrima 

umbrinella 
Ar^iica Parryi 
pumila 

Senecio Nelsonii 
“ crocatus 
“ cymbalarioides 
Artemisia spithamaea 
scopulorum 
saxicola 

Taraxacum scopulorum 

Southern Rockies 

Rhodiola polygama 
Germania debilis (Utah) 
Potentilla modesta (Utah) 
tenerrima 
TrifoUum Brandegei 
Parryi 

Pseudocymopterus Tidestromii 
(Utah) 

Angelica Grayi 
Primula angustifoUa 
Polemonium confer turn 
mellitum 
Brandegei 
Leptodactylon NuUallii 
Dasysiephana Parryi 
Phacelia nervosa 
Mertensia lateriflora 
■ Baheri 
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Mertensia Parryi 
Pentstemon slenosepalus 
“ caespitosus 
Besseya alpina 
'' plantaginea 
“ Ritteriana 
Castilleja pubenda 
Pedicularis Parryi 

scopulorum 
Valeriana acutiloha 


Solidago demmbens 
Oreochrysum Parryi 
Aster griseohis 
Machaeranthera PaUersonii 
Senecio fedif alius » 
petrocallis 
ambrosioides 
Artemisia Patter sonii 
Parryi 
Agoseris agrestis 


Restricted to the Northern Rockies 


Xerophyllum tenax 

Douglasii 

Erythronium obtusum 

“ grandiflorum 
Salix Seemannii 
cascadensis 
“ Fernaldii 
Arenaria lithophila 
t salmonensis 

Silene Lyallii 

muUicaulis 
XSophia sophioides 
Draba cana 
Arahis Lyallii 
Heuchera grossularifolia 
** flabellifolia 
Micranthes occidentaUs 
saximantana’ 
Rydbergii 

Spathularia Bnmmniana 
Potentilla Vreelandii 
perdisecta 

Drymocallis pseudorupestris 
Acomastylis sericea 
Sie^ersia ciliata 


Lupinus caespitosus 
Trifolium montanense 
Cystium platytropis 
Viola adunca 
Bupleurum smericanum 
Amarella propingua 
DasystepHana calycosa 
monticola 
Phacelia Lyallii 
Mertensia paniculata 
“ stenoloba 
Tweedy i 

Pentstemon montanus 

pseudohumilis 

Tweedyi 

Pedicularis Hallii 
Valeriana septentrionalis 
Campanula heterodoxa 
Oreostemma Haydeni 
Townsendia Parryi . 
Antennaria lanata 
XArtemisia arctica 
“ elatior 
Agoseris pumila 



Rydberg: Phytogeographical notes 




4. Hog-backs 

Common to the Southern 


Carex Hephurnii 
Engelmafinii 
occidentalis 
phaenocephala 
“ ohUisata 
'' rupestfis 
Helleri 
Rossii 

Eriogonum arcuatum 
flavum 
umbellatum 
Oreobroma pygmaea 
Silene acaulis 
Cerastium Behringianum 
Alsinopsis Nuttallii 
obiusiloba 
Anemone parviflora 

tetonensis (Utah) 
** Drummondii 
Pulsatilla ludoviciana 
Smelowskia americana 
Uneariloha 
Draba ventrosa 

oUgosperma 

andina 

crassa 

luieola 

aurea 


and Northern Rockies 

Rhodiola integrifolia 
Ivesia Gordonii 
Potentilla divisa 
“ nivea 

uniflora 

'' saximontana 

aracimoidea 
Sibbaldia procumbens 
Dasiphora fruticosa var. 
TrifoUum nanum ■ 
Androsace carinata 
Gilia globularis 
Phlox depressa 
caespitosa 

Eritrichmm elongatum 
“ argenteum 

Castilleja occidentalis 
Erigeron compositus 
“ melanocephalus 
simplex 

Antennaria aprica 
“ media 

sedoides 
umbrinella 
Chaenactis alpina 
Senecia Purshianus 
Artemisia scopulonm 
spithamaea 


Restricted to the Southern Rockies 

Eriogonum cUoranthum Arenaria Fendleri 

^ ^ neglectum Thlaspi color adense 

Paronychia puMnaia '' purpurascens 

*^For discussioti see Bull. Torrey Club 42: 633. 191S*' ' 
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Lesguerella panmla 

" Wardii (Utah) 
Cheirinia nivalis 
radiata 
amoena 

Dr aha sobolifera (Utah) 
pectinata 

Ivesia titahensis (Utah) 
Potentilla tenerrima 
' ^ mmutifolia 

^ ‘ paticijuga (U tah) 

T rifolium stenolohnm 
bracteolatum 
'' Uvidum 

“ dasyphyllum 

Restricted to 
Eriogonum Piperi 

polyphyllum 
caespitosum 
pyrolaefoKum 
Oreobroma minima 
Anemone Drummondii 
AquiUgia Jonesii 
XSmelowskia lohata 
t ovalis 

Pilosella Richardsoniana 
XDraba eurocarpa 
densiflora 
‘‘ lonchocarpa 
Arabis LyalUi 
XPhoenicaidis ckeiranthoides 
Coniomitella WUliamsii 
Heuchera ovalifolia 
potentilla brevifolia 
“ Mamunii 

wyomingensis 

ovina 

Trifolmm scariosum 


Aragallus Hallii 

oreaphilus (Utah) 
Oreoxis humilis 
“ Bakeri 
alpina 

Phlox condensata 
Synthyris pimiatifida 
laciniata 
Chrysopsis alpicola 
Erigeron glandtdosns 
pinnatisectus 
Senecio werneriaefolius 
Holmii 
taraxacoides 
Soldanella 

the Northern Rockies 
Aragallus alpicola 
“ viscidus 

viscidulus 
Viola adunca 

Pseudocymopterus bipinnakis 
Bupleunim purpurascens 
Douglasia montana 
Phlox costata 

diapensioides 
Synthyris dissecta 
'' reniformis 

Townsendia Parryi 
“ florifer 
Oreostemma Haydeni 
Erigeron radicatus 
“ Scribneri 
Tweedyi 
Antennaria acuta 

, 'mucfonata , ' ' 
pulvinata^ 
XTonestus laceratus 
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C. VARIOUS HYDROPHYTIC FORMATIONS 
These consist of bogs, brook banks, lakes, ponds, and brooks. 
In the Siibalpine Zone these contain few grasses and no trees. The 
bogs may be divided into sedge bogs, willow bogs and Sphagnum 
bogs. 

I. Sedge bogs 

The sedge bogs resemble those of the Alpine Zone. These have 
already been described in a previous paperA 


Common to the Southern and Northern Rockies 


Alopecurus aristulatus 
Calamagroslis Langsdorfii 
Poa reflexa 
Phletim alpintim> 
Panicularia pauciflora 
Carex nigricans 
gynmo crates 
disperma 
“ aurea 
“ bnmnescens 
“ Reynoldsii 
nova 
bella 
aq^iatilis 

Scirpus paucifiorus 
caespitosus 

Efiophonm> angustifolium 
gracile 

Juncus balticus montamis 
iriglumis 
“ castaneus 
“ Mertensianus 
Bistofta bistortoides 
limarifolia 
^ ' vivipara 
Akine longifolia 
“ strictiflora 


Alsine laeta 

crassifoUa 
calycantha 
Thalictrum alpinus 
Ranunculus affinis 
Ranunculus eximius 
TroUius albifiorus 
Aconitum columbianum 
Radicula alpina 
Parnassia fimhriata 
Micranthes arguta 
Geum rivale 
Epilohium ovatifolium 
Drummondii 
“ wyomingense 
Ilippurus vulgaris 
Pyrola uliginosa 
Primula Parryi 
Anihopogon elegans 
Amarella scopulina 
“ strictiflora 
Dasystephana Romanzovii 
Pleurogyne fontana , 
Swertia scopulina 
congesta 

Myosotis alpestris 
Veronica americana 


=^See Bull. Torrey Club 41; 471, 472, 1914. 
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Veronica Wormskjoldii 
Elephantella groenlandica 
Mimtilus Langsdorfii 

. Restricted to 

Juncus parous 
Ranunculus alismaefolius 
'' micropetahis 
stenolobus 
Caltha rotundifoUa 
Aconitum Bakeri 
insigne 


Senecio crassulus 
Erigeron salsuginosus 

the Southern Rockies 
Radicula cumpes 
“ Underwoodii 
Epilohium sfmmmeum 
Ligusticum Porteri 
Senecio atratus 

lapathifolius 


Restricted to the Northern Rockies 


Alopecurus occidentalis 
Poa leptocoma 
Carex saxatilis 
Eriophorum Scheucheri 
Chamissonis 
J alpinus 

Tofieldia intermedia- 
Juncus Regain 

nevadensis 

Ranunculus alismdlus 
Suksdorfii 
Helleri 

Caltha leptosepala 
Aconitum ramosum 
I delpMnifoUum 

Cardamine umhellata 


Cardamine acuminata 
Parnassia palustris 
Kotzebue 

Comarum palustre 
Argentina subarctica 
tEpilobium oregonense 

wyomingense 
latiusctdum 
Pedicularis contorta 
** ctenophora 

lunata 
Hallii 
Canbyi 

'' hracteosa 

‘ ‘ cystopteridifoUa 

Petasites corymbosa 


2 . Willow bogs 

The characteristic vegetation of these consists of shrubby 
species of Salix and Betula glandulosa. The herbaceous flora 
contains most of the plants of the sedge bogs. The shrubs present 
are the following: 

Southern Rockies 

Salix Wolfii Salix pseudolapponum 

brachycarpa glamops ‘ 
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Salix chlorophylla ' Kalmia microphylla 

Betiila glandiilosa Distegia involucraia 

Phyllodoce empetriformis 


Northern Rockies 


Salix Barkleyi 
'' commutata 
'' Tweedyi 
“ pseudomyrsinites 
‘ ‘ chlorophylla 
Alnus sinuata 


Ledum glandulosum 
'\A zaliastrum albiflorum 
Phyllodoce glandidiflora 
“ empetriformis 
Andromeda poUfolia 
Vaccinium uliginosum 


In the Canadian Rockies quite a number of subarctic willows 
and other shrubs are added to this flora. These species, which 
are listed below, grow either in the willow bogs proper or on wet 
mountain slopes. 


Salix Hookeriana 
myrtillifolia 
“ alaxensis 
Barrettiana 
' ' Dnmmondiana 


Salix arbusculoides 
Seemannii 
desertonm 

Ledum groenlandicum 
Vaccinium Vitis-Idaea 


3. Sphagnum bogs 

Sphagnum bogs are exceedingly rare in the Southern Rockies 
and of very limited extent. The phanerogamic flora, if any, is 
not different from that of the other bogs. In the northern part 
of the Northern Rockies, especially in Canada, they are more 
common. Here, as well as in the northern parts of Montana and 
Idaho, there are found several phanerogams characteristic of the 
Hudsonian Zone of the northeast. Among these may be men-, 
tioned : 

Efiophorum angustifolium 
Chamissonis 
‘ ‘ alpinum 
Drosera rolundifoUa 
longijolia 

Thalictrum alpinum 


Ruhus acaUfUs 
arcticus 
Chamaemorus 
Oxy coccus palustfis 
Pinguicula vulgaris 
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4. Brook banks 

Many of the brook banks are lined with willows and Betnla 
glandulosa or with sedges. In such cases the flora is practically 
the same as that of the willow bogs or sedge bogs. In the sub- 
alpine regions of the Rockies, we find also another brook bank flora, 
consisting of herbaceous plants which are neither sedges nor grasses, 
and which are rarely found in the bogs proper. Brook banks of 
this type are found mostly where the slope is steep and the 
valley narrow, so that neither swamps nor grasslands could exist. 
The characteristic plants of these brook banks are mostly species 
of Mertensia. EpUohium and Juncoides, and where it is drier we 
find Cirsium. 

Common to Southern and Northern Rockies 

Poa reflexa 
Panicularia nervata 
Calamagrostis canadensis . 

J uncus balticus montanus 
Juncoides parvifiorum 
“ spicatum 
Delphinium occidentale 
Alsine longifolia 
' ^ borealis 
Epilobium ovatum 


Epilobium stramineum 
wyomingense 
Mimulus Langsdorfii 
Mertensia pratensis 
ciliata 
viridula 

Veronica americana 
Arnica rhizomata 
Senecio triangularis 


Restricted to the Southern Rockies 


Juncoides subcapitatum 
Delphinium Barbeyi 

attenuatum 
Oxypolis Fendleri 


Castilleja brunnescens 
Cirsium Parryi 

scopulorum 
“ oreophilum 


Restricted to the Northern Rockies 

Poa leptocoma stenoloba 

Juncoides glahrakm Senecio saliens 

X Anemone Richardsonii ■ Chamaenerion latifoUum 

Mertensia paniculata 

In the more open places ^here the taller herbs have not crowded 
out the smaller ones, the flora consists of the following species: 
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Common to Southern and Northern Rockies 


Pod: alpina 
Carex hella 
“ calciolepis 
“ atrata 
Scirpiis paucifloms 
Jun cus triglumis 
Jtmcoides spicatum 
Alsine haicalensis 
' ' laeta 

Alsinopsis propmgiia 
Sagina sagmodes 
Rammculus alpeophilus 


Ranuncuhis Eschscholtzii 
Saxifraga cernua 
debilis 

Chrysosple^tium tetrandum 
Micranthes arnoglossa 
Muscaria delicatula 
A ndrosace sti b mnbellata 
filiformis 

Condrophylla americana 
Fleur ogyne fontana 
Veronica Wormskjoldii 


Restricted to the Southern Rockies 


Alsine polygonoides Condrophylla Fremontii 

Restricted to the Northern Rockies 


Jtmcoides arcticum 
J “ hyperboreum 
J arcuaUm 

Neiocrene *parvifolia 
Micranthes Lyallii 

“ Brminonianum 


Hemiera ranunculifolia 
Epilobium saximontanum 
anagallidifolium 
clavatum 

Romanzoffia sitchensis . 

'' Leibergii 


5, Lakes, ponds and brooks 

The purely aquatic flora is not well represented in the Subalpine 
Zone, It contains practically the same species^ as are in the Alpine 
Zone with few additions from the Montane Zone,* The following 
species belong to this formation; 


Common to the Southern and Northern Rockies 

Utrictilaria viilgaris 
minor 

Nymphaea polysepala 
Hippuris mlgaris 
Lemna gibbet ' 

, minor , 

* Compare discussion in Bull Torrey, Club 41: 473, 474; 43: 630, 


Sparganum minimum 
'' angustifolmm 
Potamogeton alpinus 
Catabrosa aquatica 
Carex aquatilis 
Veronica americana 
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Restricted to the Northern Rockies 
Batrachium confervoides Lobelia Dortmanna 

Veronica scutellata 


D, MISCELLANEOUS FORMATIONS 


I. Rock-slides 

The rock-sHdes in the Snbalpine Zone"^' resemble those in the 
Alpine Zone, and the flora is practically the same with a few 
additions, as shown by. the following lists: 

Common to the Southern and Northern Rockies 
Selaginella densa Claytonia megarrhiza 

Oxyria digyna Macronema discoid eum 


Restricted to the Southern Rockies 


Allium Pikeanum 
Agtdlegia saximontana 
Telesonix Jamesii 
Pleuchera Hallii 
Ribes montigenum 
Viola biflora 
Pseudopteryxia anisata 
Primula Parryi 
Polemonium Grayanum 
“ speciosum 

confer turn 
“ Brandegei 


Polemonium delicatum 
Pentstemon Hallii 

Harbourii 

^ ** stenosepalus 
Synfheris plantagmea 
Machaer anther a Pattersoni 
Senecio Holmei 
'' Soldanella 
“ Harbourii 
cathamoides 
Senecio invemistus 


Restricted to the Northern Rockies 


Alsine americana 
T^elesonix heucheriforme 
Ribes parvulum 
Pseudopteryxia Hendersonii 


Collomia debilis 
Polemonium viscosum 
Hulsea carnosa 
Senecio Fremontii 


2 . Bare cliffs 


The flora of the crevices of the bare cliffs is practically the same 
as that of similar habitats in the alpine region. The species there 
have already been listed but are again enumerated below.f 

*See Bull. Torrey Club 4 ^: 465* r 9 i 4 . 
t See Bull. Torrey Club 4 ^: 466. , 1914^ 
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Common to the Southern and Northern Rockies 

Chondrosea Aizoon Antiphylla opposUifolia 

Leptasea austrommilana Oxyria digyna 

Restricted to the Southern Rockies 

Anticlea coloradensis Polemonium delicahim 

Aquilegia saximo?$tana Edwinia macro calyx (Utah) 

Polemonium pulcherrimimi Senecio petrocallis 

3. Talus 

In many places, under the perpendicular cliffs, there have gath- 
ered rather steep slopes of talus. Where this consists of larger rocks, 
the flora is the same as that of the rock-slides, but where it consists 
of small fragments and especially where there is a certain moisture, 
this talus has been taken possession of by certain plants, which 
can be regarded as forming a distinct formation. The most 
common of these plants are : 

• 

Common to the Southern and Northern Rockies 

Car ex Geyeri Anemone tetonensis 

Juncus Drummondii Epilobium alpinum 

Parryi Hornemannii 

Alsine laeta 

Restricted to the Southern Rockies 
Anticlea cohradensis 

Restricted to the Northern Rockies 
Viola ftavovirens 

New York Botanical Garden 



Fruit bud formation — a criticism 

J. H. Gourley 

(WITH ONE TENT FIGURE) 

Early in 1915, I wrote as follows in Technical Bulletin No. 9^ 
New Hampshire Experiment Station: 

Writers in the eastern United States have commonly made the statement that 
fruit buds are never axillary in the apple such as occurs in the northwest, yet this 
method of producing fruit buds in the east is not uncommon. It has been observed 
by the writer throughout the eastern states on both old and young trees and with 
many varieties. Whether it has any significance or not, it might be noted that it was 
more common in the plot fertilized with an excess of nitrogen fertilizer than elsewhere 
in the orchard. While from a practical standpoint this method of fruit-bud pro- 
duction can be almost ignored, it is -well worthy of record. 

This position has been controverted by O. Butler in the Bul- 
letin of the Torrey Botanical Club ^(44: 85-96. 1917), as follows: 

A fruit branch is a leader in which the terminal and axillary buds in the upper 
two thirds or thereabouts of its length become flower buds during the season of its 
development (Plates i, fig. 2, and 2). The flower buds borne laterally on the leader 
have been described as formed axillarly by D’Albret and by Gourley, though they are 
in reality borne terminally on almost sessile spurs (lambourdes), A close study during 
the first season of the buds from which the supposed axillary clusters arise will show 
that at the close of vegetation the buds are subtended by a rosette of leaves and are 
not in the axil of a single leaf. The buds are, therefore, terminal on sessile spurs and 
not axillary, as by definition an axillary bud is a bud borne in the axil of a leaf. 
Forney is also of this opinion for he states that **it often happens that the eyes of this 
seasoh^s leader become transformed at once into spurs, and flower perfectly the 
following year.^' In the apple the development of flower buds on fruit branches is 
not commonly met with and is said to occur only in very fertile trees, or trees weakened 
by transplantation or soil exhaustion. 

I have recently reexamined material in our orchards and again 
find that fruit buds are formed as true axillary buds in abundance 
on many trees (see fig. i). Occasionally short spurs are formed 
on new growth as I think horticulturists were aware^ but in no such 
abundance as the axillary buds. It is likely that Butler mistook 
the points of attachment of the larger bud scales for leaf scars as 
they resemble them somewhat after the blossom cluster has been 
out a short time. I am led to suggest this explanation as the 
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plates which he shows are illustrations of true axillary flower buds 
and not spurs as indicated in his text. 

Practically the same statement is found in Technical Bulletin 
No. 10, New Hampshire Experiment Station, by Miss C. 

Black, which adds to the importance of 
having the matter corrected. In the 
latter article the author states that 'The 
few scars at the base of this inflores- 
cence indicate that it is really terminal 
and not axillary.’' This would indicate 
that proper material was not at hand 
for examination, for where axillary flower 
buds are formed it is impossible to see 
more than the one large leaf scar and 
there is no possible point of attachment 
for other leaves to be found. Her state- 
ment that ''such buds are few in num- 
ber and of no vigorous growth” is also 
an error, although they often do "de- 
velop later than the usual terminal flow- 
er buds.” A wrong interpretation is 
furthermore given of pi. /. 2, of this 
bulletin. I would consider this figure to 
represent a two-year-old shoot and not a 
three-year-old one, for it is common to 
find a shoot develop from the flower 
cluster and develop as shown in this 
^ ^ , figure. In fact two such shoots often 

Fig. I. Axillary flower buds on ® ■ 

the Wealthy apple. are found on the spur with an apple 

developing also. 

In observing wild species of Pyrus and Malus at the Arnold 
Arboretum I have found the following list to form fruit buds in the 
axils of the leaves rather profusely: 

Malus pumila Niedzwetzkyana M. baccata mandshurica Schmid, 
Schneid, M^ bacmta sauguinea Hart. 

M, puw/ila apetala Schneid. Jf. bacmta aurantiaca Hort. 

M. baccata Borkh. : * M* 'Smlafdi .Britt. ^ {M: ioensis 

^ M.Paccata'Jackii'Relid, „ ^ ^ pumila) 
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M. astrachanica Dum.-Coiirs 
{M. baccataXM. pumila) 

M. Sargentii Relid. 

M, pnmifoUa Borkh. 

M, pnmifoUa Rinki Rehd. 

M, ztmi Rehd. 

M. micromalus Makino 
haccata X M, spectahilis) 

M. theifera Rehd. 

M. Sieboldii Rehd. calocarpa 
Rehd. . 

M. cerasifera Spach (ikf. haccata 
X M. pumila) 


M, fioribufida Sieb. 

M. Arnoldiana Rehd. (if. haccata 
X M, floribimda) 
if. spectahilis Borkh. 
if. Scheideckeri Zabel (if. flori- 
bunda X prunifolia) 

(if.if. Halliana Koehne 

Pyrus ovoidea Rehd. 

P. phaeocarpa Rehd. 

P. hetulaefolia Bge. 

P. Bretschneideri Rehd. 


This would indicate a tendency for original species to flower 
as above described, although in our cultivated varieties of Malus 
pumila Mill, the spur system of flowering is the common method 
and the axillary formation can be ignored as of no special commer- 
cial importance. It is of some interest to note that none of our 
American species of Malus, such as if. coronaria, if. ioensis and 
if. augustifolia, showed axillary flower buds, although the trees 
were blooming full. Whether this is always true, I cannot state. 


Agricultural Experiment Station, 
Durham, New Hampshire 
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The structure and development of the plant association* 

Henry Allan Gleason 

Ecological literature has recently been enriched by the pub- 
lication of an exceedingly important book (Clements, 3) on the 
structure and development of vegetation. Not only does the 
book present a thorough and detailed analysis of vegetation ^ 
based on the researches of the author, but it also reviews the 
theories and summarizes the facts from a vast array of the eco- 
logical literature. For all of its contents the working ecologist is 
grateful, although it is probable that some of the more radical 
ideas of the author may be accepted reluctantly and that others 
may be rejected completely. 

Certain features of the monograph can scarcely be reconciled 
with his own by the writer of the present article. Since this 
paper does not pretend to be either a critique or a review, the 
writer will not attempt to discuss his objections in detail, but will 
merely mention what these features are. The chief one of them 
is the view of Clements, first expressed in 1905 {2), that the unit of 
vegetation (irrespective of its scope or of the term used to designate 
it) is an organism. Clements has also so enlarged the scope of 
the vegetational unit that it includes in his monograph not only 
a climax but also all the successional series leading to the climax.. 
Thirdly, as a direct result of these two features, he has portrayed 
the phenomena of vegetation as exceedingly complex, requiring 

[The Bulletin for September (44; 4ii*-462) was issued September 15, 1917 . 1 
’i* Contribution' No., 165 from' the Botanical Department of the XJnivemty'-of 
Michigan. 
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the iiitrocliiction of several new terms into an already burdened 
terminology. Lastly, in developing his analytical scheme, several 
apparent exceptions have been excluded by definition. 

Of the actual existence of definite units of vegetation there is 
no doubt. That these units have describable structure, that they 
appear, maintain themselves, and eventually disappear are ob- 
servable facts. That to each of these phenomena a "definite or 
an apparent cause may be assigned is evidenced by almost any 
piece of recent ecological literature. But the great mass of eco- 
logical facts revealed by observation and experiment may be classi- 
fied in different ways, and from them general principles may be 
■derived which differ widely in their meaning or even in their 
intelligibility. 

There is offered in the following pages a series of general prin- 
ciples in explanation of the usual phenomena of vegetation, based 
chiefly on observations of the writer in his own field work. Some 
of these appear almost axiomatic in nature, and none can be sup- 
ported here by a considerable volume of illustration because of 
lack of space. In general, they are synthetic' rather than ana- 
lytic in nature, and have been arranged to follow each other as 
nearly as possible in logical order. 

L The individualistic concept of ecology 

I. The life of an individual plant is maintained and trans- 
mitted to Its progeny by a complex of functions, operating by 
means of a complex of structui-es. Vegetation, in its broader 
aspects, is composed of a number of plant individuals. The 
development and maintenance of vegetation is therefore merely 
the resultant of the development and maintenance of the com- 
ponent individuals, and is favored, modified, retarded, or inhibited 
by all causes which influence the component plants. 

According to this view, the phenomena of vegetation depend 
completely upon the phenomena of the individual. It is in sharp 
contrast with the view of Clements that the unit of vegetation is 
an organism, which exhibits a series of functions distinct from 
those of the individual and within which the individual plants 
play a part as subsidiary to the whole as that of a single tracheid 
within "U tree. , ' ■ ''v' ‘'V/ -4 ;:,4 
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It is true that various analogies may easily be drawn betm^een a 
unit of vegetation and an organism, but these analogies are always 
more apparent .than real, and never rise to the rank of homologies. 
For example, it is obvious that an association may appear on a 
new area, develop to maturity, and finally disappear, but these 
phenomena are in nowise comparable to the life history of an 
individual. A spore of BItizopus, for example, given the proper 
environment, will grow to maturity and reproduce without the 
presence of any other living organism. The first pioneer species 
of an association, on the other hand, will merely reproduce them- 
selves, and maturity of the association will never be reached unless 
its other species are also present in a neighboring area. Similar 
exceptions may be taken to all other analogies between the in- 
dividual and the association, designed to demonstrate the organic 
entity of the latter, 

2 . Certain common phenomena of the plant individual, namely, 
migration of germules, germination, and growth, when performed 
en masse by numerous individuals, may produce visible effects 
which are worthy of special study and which demand a special 
terminology . Among these effects may be mentioned the structure 
of the plant association and of the subsidiary assemblages of plants 
within it, its space relation to neighboring associations, its de- 
velopment, and its ultimate disappearance. 

IL The environment 

3. The functions of the individual plant demand a proper 
environment for their operation. Any effective variation in the 
environment causes a variation in the performance of these 
functions, and many environmental changes produce also a vari- 
ation in morphological structure. All these results may be in- 
vestigated by experimental methods, and fall properly within the 
domain of morphology and physiology, 

4. A fixed environment is probably never necessary to the life 
of any individual plant, and certainly never to any spermatophyte. 
Each individual is capable of existing under a variety of environ-^ 
mental conditions; as ■ a simple example, the ahnpal variation, in; 
temperature may be mentioned’. ■ ; Also,; a, fixed, enviro’hment is;not « 
neces^ry to the life of all the individuals of one species. 



466 


Gleason: The plant association 


The environment of a plant consists of the resultant of all the 
externa! factors acting upon it. Therefore individuals of the same 
species may occupy apparently different habitats and have differ- 
ent associates in different localities. This has been shown by 
numerous observers, and was definitely mentioned by Gowles in 
his classic paper of 1901 (4, p. 83). With one environmental factor 
near the optimum, others may apparently be near the minimum. 
Thus the tamarack, which in southern Michigan is confined to 
peat bogs, in Isle Royale occurs even in crevices in vertical rock 
cliffs. 

Restriction of a certain type of environment to one portion of 
the range of a species may produce geographic variation in its 
structure, and possibly has a causative relation to the evolution 
of species. A welbknown example is the Douglas fir, with its 
coastal and inland forms. 

5. To state the matter with unnecessarily great refinement, it 
is probable that no two natural habitats have identical environ- 
ments, and that no two species make identical environmental 
demands. 

III. Migration and selection 

6. For continuous existence, every species has some form of 
reproduction. This invariably leads to the establishment of a 
new individual at some distance from the parent. Whether this 
distance be great or small, its passage by the germule constitutes 
migration. 

The agents of migration, the devices of the germules which 
utilize the agent, the distance over which migration is probable, 
and other phases of the subject have all been frequently discussed 
in detail, and need no further mention here. 

7. Migration may bring the germules into new types of en- 

vironment, some of which may be effectively different from that 
of the parent plant. The extent of this effect depends upon the 
environmental diversity of the region and upon the mobility of 
the plant. For plants of little mobility, or for more mobile plants 
in a large area of essentially uniform environment, migration does 
not normally bring the germules into a new type of habitat. In 
general, also, there is no selective feature of migration by which 
the germule" IS' regularly carried' areas vOf:favdtable;''feviron- 

ment. . , ; , ,4", v /"'''V' , 
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8. Migration into an area comes only from the surrounding 
plant population within reach by the usual migration agents. 
The more mobile immigrants may therefore be drawn from a com- 
paratively large area, while the immobile species must come from 
contiguous areas. The relation between migration and proximity 
has already been pointed out by Clements (i, p. 60). In general, for 
germules of equal mobility, it seems that the number entering any 
area varies inversely as the square of the distance of the source. 
This has been demonstrated for short migrations only. It is 
probable that beyond a distance which might be called the normal 
migration limit the migration of germules is only accidental. The 
actual population from which the immigrants of an area may be 
drawn is therefore a limited one occupying the surrounding region. 

Within reasonable limits, depending upon the mobility of the 
species concerned, the immigrants of neighboring areas are similar, 
because they are derived from the same surrounding population. 
This is shown clearly in forest clearings, detached examples of 
which in the same region are immediately invaded and occupied 
by the same species. Conversely, the immigrants of widely sepa- 
rated regions are more or less dissimilar, even though their environ- 
ments may be essentially alike. 

9. Of all the immigrants into any area, only those may establish 
themselves which find in it environmental conditions within the 
limit of their own environmental demands. The actual mature 
immigrant population of an area is therefore controlled by two 
sets of factors: the natui'e of the surrounding population, deter- 
mining the species of immigrants as explained in the preceding 
paragraph, and the environment, selecting the adapted species. 

The difficulty of demonstrating the extent of migration and 
the species involved is at once apparent, since the migrating 
germules are almost always minute and difficult of detection 
among the native vegetation. Occasionally the interruption or 
modification of environmental selection permits the ecesis of 
unusually large numbers of individuals of a species which would 
otherwise have been excluded, and affords accordingly an idea of 
the great number of unsuccessful irnmigrating germules. Pliis** 
trations of this are commonly: observed and only a single'-exnmple 
need, be. cited. In the, sand-dune region, of' minbis,,Jhe: .single 
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passage of a wagon across the sand may bury to a proper depth 
for germination thousands of seeds of Cassia Chamaecrista, so 
that the course of the wagon is marked during the following 
summer by parallel lines of the plants. Obviouslyj migration 
has been general over the whole area, but environment has 
prevented ecesis except in this particular path. 

10. The germules of the native species of any area are subject 
to the same environmental selection as those of the immigrants. 
But, since progeny generally closely resembles parent in structure 
and function, and accordingly in environmental demands, suc- 
cessive generations of native species and of successful immigrants 
may occupy an area continuously, unless the environment changes 
beyond the limits of the species, or the species vary into forms with 
new environmental demands. 

11. In general, and for the average area, opportunities for 
immigration have existed for so long a time that a complete 
selection from the surrounding population has been made. Such 
areas, therefore, show no changes in their population from year 
to year until the environment or the surrounding population 
becomes changed. The effects of such changes are discussed in 
part VII of this paper. When they occur, tlTe resulting change in 
the component species is at once evident, since migration has con- 
tinually supplied the area with the germules of hitherto unsuccess- 
ful species. 

IV. The association, its size and boundaries 

12 . Whether the population is immigrant or native, it is 
always subject to the selective action of the environment. In 
the same limited region, that is, with the same surrounding popu- 
lation, areas of similar environment, whether continuous or de- 
tached, are therefore occupied by similar assemblages of species. 
Such an assemblage is called a plant association. 

The term to be applied to such an assemblage, whether associ- 
ation, formation, or something else, and the method of character- 
izing and distinguishing one from another, are still matters of 
discussion. The writer believes that the term associatioil is the 
best designation, and that this term h4is been applied by a majority 
of ecological authors to just such aiseihblages as those defined 
above. ' ' l . , / ' V -l'/' V;':; 
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13.^ One of the most important features of’ the eiivironnient is 
the control or modification of the original physical factors the 
plant population itself. This action of plant life has been discussed , 
repeatedly and requires no further argument here. As simple 
examples only, there may be mentioned the reduction of the light 
for the smaller plants by the crowns of the larger ones, and the 
modification of soil by the addition of organic substance. This 
control is in general directly proportional to the density of the 
plant population. In areas whose physical environment is gener- 
ally genial and favorable to the development of numerous indi- 
viduals, the resulting dense vegetation controls to a large degree 
the original physical factors, and this environmental control is of 
greater importance than those in the selection of the plant popu- 
lation. 

It is at once obvious that, as a result of environmental control^ 
the associated species of even the most limited area do not always 
enjoy the same environment. Thus the relations of a mature 
forest tree to light, wind, and soil are very different from those 
of the shallow-rooted, shade-loving, secondary species beneath it. 

The ph^'sical factors of the environment generally vary gradu-^ 
ally in space. Exceptions to this condition may easily be found 
in the soil factor, where sharp variations frequently occur, such 
as the contact of sand with clay at the foot of an advancing dune, 
or less obviously in the water factor, as on the rocky shore of a 
lake. Such gradual and progressive variation of environment 
would normally lead to equally gradual and progressive changes 
in the vegetation and to the establishment of broad transition 
zones between adjacent associations, in which the species of both 
mingle. In most regions of extreme physical environment, occu- 
pied by sparse vegetation exerting little environmental control^ 
this condition holds, and the transition from one association to 
another is just as gradual as the change of environment.’^ 

In regions of genial environment and dense vegetation, on the 
other hand, the nature of the environmental control of two ad- 

conditioR has in fact led some students 'to complain; tbatJt was' difficult 
or impossible, to distinguish associations .in the 'vegetation, of the, vrestern states. 
'This would .be a sad state of affairs 'if all vegetation, were composed of defen'te organic' 
'entities, but is quite to be expected' when:, vegetation depends upon 'enViromnentai 
selection of favored individuals. 
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jaceiit associations may be, and usually is, very different. Species 
of one association are then excluded from the margin of the other 
by environmental control, when the nature of the physical factors 
alone would permit their immigration. The adjacent associations 
therefore meet with a narrow transition zone, even though the 
variation in physical environment from one to the other is gradual. 

In such regions of great environmental control, the boundary 
between two associations seldom marks the extreme location of 
suitable physical environment for either, but rather some inter- 
mediate position (see also paragraph 25). The removal of either 
association at one portion of the boundary results accordingly in 
an immediate extension of the other. This may be seen around 
many small lakes in Michigan, where a zone of sedge is followed 
in deeper water by a zone of water lilies. Destruction of th^ 
sedge zone in the shallower water is followed by the extension 
of the lily zone almost or quite to the shore line. The normal 
landward margin of the water lily association is therefore deter- 
mined not by depth of water alone, which represents the chief 
physical environmental variant, but also by the environmental 
control of the sedge association. 

14. Instances may be cited where the sole environmental dif- 
ference. between two adjacent associations lies in the environ- 
mental control. This is notably the case with some types of 
prairie and upland forest in the Middle West. The differentiation 
of two distinct associations in the same environment is then to be 
explained chiefly, if not entirely, by developmental conditions, as 
discussed below under Succession. 

15. The line which marks the boundary of the distribution of 
a species is located at right angles to the direction of the effective 
environmental variant. Consequently the boundary of the whole 
assemblage of species constituting the plant association has the 
same position, whether the variant be purely physical or biotic. 
Since physical factors generally vary irregularly from place to 
place, the boundary and shape of an association are also usually 
irregular. 

Symmetry or regularity in the variation of an important envi- 
ronmental factor may however occur. The most conspicuous 
example is the variation in depth of water or; in amount of soil 



Gleason: The plant association 471 

water near the shore of a pond. In such cases, regularity in the 
environment produces a similar regularity in the arrangement of 
the associations. When this is conspicuous enough to attract the 
attention of the observer it is termed zonation. 

Zonation of associations is the exception rather than the rule 
and has no more significance than the usual irregular arrangement. 
Between the two types there are naturally intermediate stages. 
AlsOj irregularity in other conditions affecting the differentiation 
of associations may operate to disturb their zonation. This has 
been frequently described or figured (see Harshberger, 8, p. 382, 
383) by investigators, generally without a statement of the cause. 

16. The area occupied by an association may be large or small, 
depending on the size of the area available without effective en- 
vironmental variation. Zoned associations about a pond fre- 
quently have dimensions conveniently expressed by meters (see 
Gates, 5, p. 329) , while some forest associations are better measured 
by the kilometer. The smaller associations are usually composed 
of fewer species, and are generally of shorter duration than the 
larger ones. They are the product of the same kind of causes, 
however, and are no less important in the ecological study of 
vegetation. 

Since associations often tend to extend their area at the expense 
of others, as discussed below (part VII), the observed size of an 
association is correlated with its developmental history, and must 
always be considered from that standpoint. 

V. The structure of the association 

17. The general tendency of the population of an association 

to migration tends to produce uniform distribution of each species 
within it, and consequently uniformity of the association as a 
whole. This uniformity is one of the most characteristic visible 
features of the association, and has by some been taken as the 
basis for a definition of it (6, p. 36). It is easily demonstrable in 
the small associations and in large ones becomes very impressive. 
The chief value of the quadrat method of expressing the structure 
of vegetation depends upon this feature, 'Since a small area;, can be' 
chosen for intensive 'Study which ' exhibits ' faithfully , the' average 
structure 'Of the whole association.,'- '' v' , 
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Since migration requires time, uniformity of any species is an 
expression (to be considered in comparison with its mobility) of 
the length of time it has been in -the association, and general uni- 
formity of an association is regularly correlated with its age. As 
illustration, the uniformity of a forest may be compared with the 
lack of uniformity in the clearing association which develops soon 
after lumbering. 

1 8 . Excessive seed production is almost universal among plants, 
and leads to a great competition for the environment. The 
number of individuals of a species is therefore an expression of the 
degree of its adaptation to the environment. In the rapid de- 
velopment of an association over a considerable area of ground, 
as a forest clearing, the most mobile species is naturally represented 
at first by the greatest number of individuals, irrespective of its 
adaptation, but as soon as the ground is occupied competition 
restricts it to its proper proportion. 

19. Within an association, minor variations in environment 
may affect certain susceptible species and not others, and as a 
result produce minor deviations from the usual uniformity. For 
example, in an area of woodland in central Illinois, of otherwise 
uniform structure, a shallow valley is occupied every spring by 
large numbers of Floerkea proserpimcoides. In this case the 
controlling feature seems to be the greater amount of water in the 
surface soil during the spring months. For other plants at the 
same season, and for all plants during the summer and autumn, 
this feature seems to be without effect. 

Recent introduction or slow migration of a species may also 
produce colonies which interrupt the general uniformity. An 
instance of the former case has been described (7, p. 520, 521) in the 
migration of introduced species into the aspen association of 
northern Michigan. Colonies of the second type are generally 
caused by the vegetative reproduction of the species, and the 
resulting compact groups of individuals have been termed families 
by Clements (2, p. 203). 

Among the larger, longer-lived, dominant species, accidents of 
immigration, such as proximity or a good seed year for one species, 
may cause the development of minor groups within the associ- 
ation, characterized by a few or only one of its usual dominants. 
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To such groups Clements has applied the term consocies. Since 
the individuals of these groups occupy the ground closely from the 
beginning, they may exclude completely the development of the 
other dominants of the association until they finally die of old 
age, when contemporaneous conditions will again decide what 
species occupy their places. Since dominant species of the same 
vegetative forrfi have in general similar powers of environmental 
control, the secondary species beneath a consocies are essentially 
similar to those elsewhere in the association. For the same 
reason, the development of minor structural units among the 
secondaries has little or no relation to the composition of the 
dominants. 

Only rigid experiment and careful observation will refer lack 
of uniformity accurately to one or another of the causes suggested 
here. 

VI. Scope of the association 


20. Because of differences in the surrounding plant population, 
from which the inhabitants of an area are drawn ; because of acci- 
dents of migration and the time available for it; and because of 
environmental differences, no two areas need have identical popu- 
lations, measured by component species and the relative number 
of individuals of each. This is demonstrable even for areas 
within a restricted region, and is especially obvious in a comparison 
of two areas widely separated. For example, no two areas of the 
beech-maple association near the Biological Station of the Uni- 
versity of Michigan show the same vegetational composition, and 
much greater differences are found when those are compared with 
the beech-maple forests of southern Michigan, 500 km. away- 
Still the beech-maple forest has always been interpreted as a 
single association of wide extent. 

Whether any two areas, either contiguous or separated^ repre- 
sent the same plant association, detached examples of the same 
one, consocies, or different associations, and how much variation 
of structure may be allowed within an association without affecting 
its identity, are both purely academic questions, since the asso- 
ciation represents merely the coincidence' of certain' plant indivi-' 
duals and is not an organic; entity of itself." ^ While 'the :;^iinilarity. 


of ''Vegetation in two:detaehed''are^' 


may 
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expression of similar environmental conditions and similar sur- 
rounding plant population. If they are for convenience described 
under the same name, this treatment is in no wise comparable to 
the inclusion of several plant individuals in one species. 

VI I . Succession 

21. Any change in the association, from any cause whatever, 
either in the component species or in their relative numbers of 
individuals, marks a step in the development of vegetation. If 
this change eventually becomes so great as to involve the re- 
placement of the original association by a different one, the process 
is known as succession. 

Under this definition, the inclusion of any developmental phe- 
nomenon under the term succession depends entirely upon the 
concept of the association held by the investigator. According 
to general custom, the association is defined broadly enough to 
permit considerable variation in its structure. Any structural 
changes within this limit may be referred to minor or periodic 
environmental changes or to the immigration of relatively unim- 
portant species, and are not considered as succession. 

Just as there is a transition zone in space between two con- 
tiguous associations, where the species of both mingle, so is there 
also a transition period between the disappearance of the original 
association and the complete establishment of the new one, during 
which relic species of the former and pioneer species of the latter 
exist side by side. Causes similar to those which decide the width 
of the transition zone also determine the duration of the transition 
period. This will be relatively long between associations of 
similar or slight environmental control and in cases of gradual 
environmental change, and relatively short between associations 
of different or great environmental control and in cases of rapid 
environmental change, 

22. Arrival within migration distance of a new population 
with similar environmental demands (or overlapping ranges of 
demands) results in fresh immigration and a consequent change 
in the population of an association. This immigration is limited 
to those members of the new population which are acijusted to the 
environmental control of the original association. If these im- 
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migrants are adapted to the new control in a manner similar to the 
original secondary species, they behave as secondaries also, and 
henceforth constitute -what has been called the derived element of 
the population. A noteworthy illustration is found in the prairies 
of the Middle West, which invariably contain a number of typically 
forest species, such as Geranium maculahim and Phlox pilosa. 

But if the immigrants are adapted to the original control as 
seedlings and exert a different sort of control at maturity, they 
may themselves become dominant. Their establishment then 
results in the selection of new secondary species, as already dis- 
cussed (paragraph 9), and the completion of the succession. This 
process is illustrated in the reestablishment of forests on the cut- 
over lands of northern Michigan, where the seedling hardwoods 
appear as secondary species beneath the dominant aspens. Ap- 
proaching maturity, they control the light and soil factors of the 
environment to the ultimate exclusion of the aspens. 

Successions of this sort, initiated without environmental 
change, whether partial or complete, operate over the entire area 
involved, but will normally be most immediately effective near 
the margin, because of proximity to the source of immigration. 

23. The common cause of succession is an effective change in 
the environment. This may consist of a change in the physical 
factors due to inorganic agents, to reaction of the plant upon its 
environment, due to the cumulative effect of environmental 
control, or to a combination of the two. 

An effective change of environment beyond the range of demand 
of any individual (or species) causes its death (or extinction). 
Such effective changes are usually slow In development; In 
average cases, extinction of a species in an association means death 
of established plants merely by old age and an increasing death 
rate by competition among the seedlings. Violent changes, as in 
the rapid erosion of river banks or the movement of shifting dunes, 
may actually kill mature plants, but these are comparatively rare. 
Death of any plant removes its environmental control and may 
consequently lead to the death of other plants which have de- 
pended uponrit. 

Simultaneously with the death of the old population, the 
changed 'environment selects a different’ new 'population; frO’Ui the'^ 
immigrants, and a new /nssO'Ciatioxi’ appears.'''';;' 
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In regions of sparse vegetation, succession is iivsually due to 
changes in the physical environment. In regions of dense popu- 
lation, the same causes are still active, but reaction is usually more 
rapid and more effective. Physical changes may be retarded by 
control or reaction, as in the reduction of run-off and erosion by a 
forest cover, or hastened, as in the weathering of a rock cliff. The 
effect of slow physical change may also be neutralized for a time 
by the stability and completeness of the more important environ- 
mental controL Thus certain sand hills in Illinois are continually 
losing a little sand by wind action, but this is sufficiently con- 
trolled by the bunch-grass association and no succession occurs. 

In successions due to either sort of environmental change, the 
most mobile species of the invading association normally arrive 
first and constitute the pioneers. The first species to disappear 
are those most intimately dependent upon proper control or most 
narrowly adjusted to the environment. In the climate of the 
Middle West, these are usually the secondary species. Both for 
the reason just mentioned and because of their usually longer life, 
the relic species are more frequently selected from the original 
dominants. 

24. A continued and progressive change in one factor or in a 
group of factors results in a series of successive associations, which 
follow each otliet on the same area of ground. Familiar examples 
are the decrease in water in the filling of a pond, and the simul- 
taneous increase in humus and decrease in light in the development 
of a forest. 

In any region, similar environmental processes are usually 
operative in many stations, and since the associations of such suc- 
cesslonal series must be selected from the same surrounding popu- 
lation, the successive stages of the series in all stations are essen- 
tially similar also. Uniformity of successional series may therefore 
be expected only within regions of similar population and upon 
areas of similar environmental change. Thus the stages accom- 
panying the filling of a pond by, peat formation are not the same 
in northern and southern Michigan, notwithstanding the similarity 
in process, because of the difference in surrounding population; 
and in either region the filling of ponds by pent and by wind- 
blown: sand is accompanied by different snccessional series because 
of the difference in process; 
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The same environmental processes may not continue in 
operation long enough to effect the completion of the series. Thus 
a lagoon in northern Michigan, isolated from a lake by a sand-bar, 
begins its process of extinction by filling with wind-blown sand. 
For some time this process of topographic filling is more important 
than the deposition of organic material, and a series of associations 
representing a sandy marsh is developed. Later, the establish- 
of shore thickets on the sand-bar between the lagoon and the lake 
excludes the sand. Further filling of the pond then depends 
upon organic deposits, and with the accumulation of peat the 
associations of a peat bog gradually replace those of the sandy 
marsh. 

Another cause of variation in successional series is found in 
the accidents of immigration, which may lead to the establishment 
of several consocies even in the same environment. With all these 
opportunities for deviation from a simple series, it is easy to under- 
stand why carefully constructed successional diagrams are some- 
times so complex (Gates, 5, pi, sg; Sernander, 9). 

25. The duration of an association is merely an expression of the 
rate of environmental change, irrespective of its cause. Associ- 
ations of dense vegetation normally hold their place far beyond the 
period of optimum environment, because of environmental 
control, competition, and difficulties of immigration, finally yielding 
only when the environment is approaching the optimum of the 
succeeding association. This condition was clearly recognized 
by Cowles (4, p. 79), who termed it “a lagging of effects behind 
their cumulative causes.*' 

Stability of an association, whether for a long period or a short 
one, is due to cessation of environmental change, or to the greater 
effect of environmental control. 

26. The location of the initiation of topographic changes is 
theoretically independent of position within the association. 
Practically, however, it is almost always at the margin and of 
such a nature as to produce the environment of the neighboring 
association. Succession is accordingly usually between adjacent 
associations. Progressive changes of environment due to physical 
causes are frequently unilateral, an environmental type appearing 
on one side of' an area, advancing.; across, it,' and'' disappearing on 
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the other» The accompanying associations therefore lose ground 
on one side as they gain it on the other, and when the rate of gain 
and loss are about equal the association as a whole may seem to 
change its position. Such progressive changes are usually cor- 
related with a regular or symmetrical distribution of environment, 
so that zonation becomes an epitome of succession. Then the 
transition zone indicates the location of succession and endures 
in the same position merely for the transition period. 

Succession by reaction begins wherever and whenever ejffective 
reaction is completed- This is normally in the oldest part of the 
association, the location of which may be either central or lateral, 
depending upon the circumstances of its origin. In either case 
the result is the same. Proximity, governing the opportunity of 
immigration, limits the pioneer species in central succession to 
the most mobile forms. Thus, in the central succession of the 
black oak association by the mixed forest in Illinois, the most 
conspicuous pioneer species is the permobile avevectent Psedera 
quinquefoUa (6, p. 136). 

The reaction of an association may also extend beyond its 
actual margin and produce an effect upon the margin of the con- 
tiguous association. If this weakens the environmental control 
in the latter, an advance of the former association takes place. 
This is the case in the advance of upland forest on the prairies of 
the Middle West. Since the sod-forming grasses grow less vigor- 
ously in the partial shade of the forest margin, the sod there is less 
dense and seedlings of forest species can establish themselves- 
The average rate of advance under these conditions was estimated 
by the late Professor Burrill at fourteen feet per year. 

27. Some associations make no unfavorable reaction on their 
environment, live under conditions not subject to effective change 
by the usual topographic agencies of the region, and are not near 
a different type of vegetation better adapted to the same environ- 
ment. In the absence of all causes of succession, such associations 
occupy the area permanently and are called climax. Theoretic- 
ally, all associations of a region tend to culminate in the establish- 
ment of a climax. Many associations, however, occupy their 
ground so tenaciously that there is little or no observable evidence 
that they are ever .replaced by the associatioii ordinarily considered 
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to be the climax of that region. Such is the case with the oak- 
hickory forests of the gravel hills of southern Michigan. Even if 
the cumulative effect of exceedingly slow physiographic and biotic 
processes should accomplish this result and lead to their succession 
by the beech-maple forests, the same fate is not necessarily in 
store for similar forests of western Iowa, where neither beech nor 
maple occur. It is always possible, also, that the future may 
bring an effective change of environment, no indication of which 
is at present visible. A slight change of rainfall, for example, 
might lead to the extension of the pine forests of the Rocky ]\Ioun“ 
tains over the high plains of- eastern Colorado. The use of the 
term climax is accordingly largely a matter of convenience, and 
it will be applied broadly or narrowly, depending on the viewpoint 
of the ecologist. 

Since physiographic processes tend toward stability, succes- 
sional series tend also toward the establishment of associations of 
greater duration and the ultimate appearance of a climax. In 
some cases, as the succession of forest by prairie, this involves a 
process which is not usual for our climate, or not commonly ob- 
served, and which has been termed regressive or retrogressive. 
In other cases also, an actual reversal of the ordinary direction of 
succession may be seen, as in the establishment of a pond upon a 
sand dune (6, p. iii'-ii6). Clements denies the existence of 
reversed successions, and attempts to exclude described cases by 
definition (3, p. 145, 146). Measured by the behavior of and 
effects upon individual plants, however, the processes are precisely 
the same as in the usual types of succession: a change of environ- 
ment, the gradual death of the original flora, and the gradual 
entrance of the new, with the simultaneous revision of environ- 
mental control. 

28. Great climatic changes in a region, when they occur, are 
of coprse productive of proportionately great changes in the 
vegetation, involving ultimately perhaps the complete replace- 
ment of all the original associations by new ones. Without the 
arrival of a new flora in the region, the change in the original 
vegetation as the result of climatic change can consist only of the 
extinction of unadapted species, their replacement wholly or in 
part by species of recent evolution,' and of readjustments; in';the 



Gleason: The plant association 


480 

plant associations concerned. Such events are so slow that they 
lia\^e never been described from observation, and it is extremely 
doubtful if the term succession would be applied to them if they 
were visible. 

The actual effect of climatic changes as seen consists of the 
arrival in the region of a new flora, the establishment of successions 
between its associations and the original ones, and the gradual 
replacement of the latter. It is possible that temperature changes 
have never taken place in the past more rapidly than they are 
proceeding at present, and that is at a rate too slow to be measured. 
The effect of such changes, however, are seen in the northward 
advance of the hardwood forests at the expense of the conifers. 
As has been repeatedly shown by various authors, the successions 
involved here are invariably referable to one or another of the 
causes alread}?" discussed in these pages, and no direct effect of a 
temperature change is visible at all, so far as the structure or suc- 
cession of associations is concerned. 

Great climatic changes, therefore, proceed at a much slower 
I'ate than the normal observable causes of succession. Those great 
successional movements which have marked the development of 
the flora of the continent through all the climatic and geologic 
vicissitudes of the epochs, and whose results are now exhibited 

the geographical distribution of the flora, are merely the mass 
effects of small vsuccessions, coupled with the evolutionary phe- 
nomena of extinction and appearance of species. 

Summary 

1. All phenomena of vegetation, i. e., of numbers of individ- 
uals, depend upon the phenomena of the individual plant. 

2. The plant population of any area is determined by environ- 
mental selection of immigrants from the suri^ounding population. 

3. Because of similarity of environmental selection and of 
available sources of immigration, areas of uniform vegetation are 
developed, known as plant asshciations. 

4. Effective changes in the environment or in the surrounding 

population may lead to significant changes in the vegetation of an 
area. If these changes involve the establishment upon it of a new 
association, the phenomenon is'knowii a5^succession.' , ; 
University oe Michigan, ^ ^ 

Ann Arbor, Michigan;':, '' ''‘A 
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The development of the spikelets of Zea Mays 


Paul Weatherwax 

(with plate 23 AND THIRTY-THREE TEXT FIGURES) 

In another publication (8) a description has been given of the 
flowers of maize, in which the chief emphasis was laid upon the 
more conspicuous floral features at the time of anthesis. The 
writer’s present purpose is to consider the two types of spikelet 
from the standpoint of development. 

A number of articles have touched upon this subject inciden- 
tally, but in no case completely, having in nearly every case 
something else as their main purpose. True (7) has given a de- 
scription of the formation of the pistil and the ovule in so far as this 
is of help in explaining the development of the caryopsis, Poin- 
dexter (6) gives a preliminary report on some work of the same 
kind with corn, but, if the work has ever been completed and pub- 
lished in full, I have no knowledge of it. • Guignard’s investigations 
on double fertilization in maize added some information, but his 
paper (3) naturally does not describe fully the development of the 
spikelets, and it is not illustrated. Golihski (2), basing his work 
upon Poa annua and Tritictm vulgare^ has given the most com- 
prehensive treatment that I have been able to find of floral de- 
velopment in the grasses; this includes a good account of the 
literature on the subject up to that time. Nq reports that I 
have investigated have taken into account the development of the 
various rudimentary organs of the spikelets. 

During the last four years I have had under observation in one 
way or another more than a hundred varieties of maize, which 
have been received from many parts of North and South America 
and may be considered a fair representation of the species. Of 
course, not all of these have been examined in detail, but any 
: variety, that' seemed to be, 'different Prom ,the,, typical in , floral 
development was^ made tlie:;subSbct' of , special ^tudy' until the' 
^'nature and significance of the variation 'v?^ere determined. Monoe- 
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cisni is the rule in almost all varieties, and the behavior of the 
floral organs, either functional or rudimentary, is fairly constant. 
This monoecious form is taken as the type for the purpose of 
description, and those varieties having a large proportion of perfect 
flowers, together with the nurnerous instances of reversion are 
mentioned only as aids in understanding the typical form. 

The development of either of the typical unisexual spikelets 
of maize can best be described by comparison with a theoretical 
primitive spikelet such as occurs in some varieties of pod corn, 
and the like of which is found in several other grasses. This 



Figs. 1-5. Development of the male spikelet, X 60. G, glume; X, lemma; 
F, flower primordium; S, stamen; P, palea; Pi, pistil; Xo, lodicule (in a portion of the 
section that is not median) ; W, ovary, walh 

Spikelet has two empty glumes and two flowers with four palets. 
Since the bracts have an alternate arrangement on the rachilla, 
one flower is a little higher thto the other in the spikelet. The 
higher one, which is on the side of the spikelet toward the rachis, 
is the^ older. Each flower has a pistil, three stamens, and two 
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lodiciiles. It will be shown that the present maize spikelet, 
whether male or female, has essentially the structure of this 
primitive one with some of its parts suppressed. 

The spikelet primordium makes its appearance as a rounded 
protuberance on the rachis. The first differentiation to appear is 
in the formation of the lower glume, and it is soon followed byAhe 
upper one (G, Text-figs, i, 6, 7). The two lemmae arise almost 
simultaneously with the appearance of the stamens of the upper 
flower (L and S, Text-figs. 2, 3, 8). From the lower side of the 
undifferentiated part of the spikelet now appears the primordium 
of the lower flow^er (F, Text-figs. 3, 4, 8), and the palea 
of the upper flower soon follows (P, Text-fig. 9). The 
palea of the lower flower appears much later (P, Text-figs* 
5, 10). The older flower seems to be terminal and the younger one 
lateral on the rachilla, but it is probably better to consider both 
flowers lateral branches of this axis, which terminates between the 
two paleae. This point, however, should be investigated further. 

In the development of the flow^er from its primordium the 
stamens are first differentiated; these are followed by the lodiciiles 
and the part that is left is the primordium of the pistil. 

Up to the time of the differentiation of the primordia of the 
stamen and the pistil, the ns^le and female spikelets have looked 
very much alike, but now, aocppipanying the sexual differentiation, 
there begins a divergence in '^e appearance of the two. The cov- 
ering of husks for the female l!nflorescence, the effects of crow^ding, 
etc., bring about further changes until the male and female spike- 
lets finally resemble each other so little; that there is a current 
doubt, or ignorance, at least, of their homologies. 

In both flowers of the male spikelet the stamens and iodicules 
are fully developed, Fut the development; of the pistils is soon 
arrested, and they disorganize. 

The Iodicules begin as sniall erbtuberances and develop into 
thick, short, truncated bodieS^^fMtare well supplied with vas- 
cular tissue and at an thesis are qtitcffy distended to two or three 
times their former width, very efficiently holding open the spikelet 
while the filaments of the stamens are elongating. The develop- 
ment of the stamen does not dif]il|;':very much 'from, that In other 
'.grasses., ..Cross 'sections of anthers just before the time of the 
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(Text-figs« 5j 15). This is wso inconspicuous tluif it a|)|)ears that 
many early investigators, working largely troni the systeiiKitic 



Fig. II. I^ongitucUnal section of female spikelet, X 60. glume; X*, lemma; 
P, palea; Ab, aborted flower; Si, silk; SC, stylar canal; e, embryo-sac; oi, outer in- 
tegument; iff inner integument. 

Standpoint, either did not suspect its presence, or looked for it 
and failed to find it. 

The female spikelet is characterized by a suppression of all tlie 
essentials of the lower flower and of the stamens of the upper one* 
Lodicules are present in both flowers, but they are fiinctiooless, 
or, at least, do not serve the same purpose as in the male flower* 
The only functional organ of the 'female spikelet is the pistil of tlie 
upper flower. 

The lodicules of both flowers of the female spikelet are, in early 
stages, like those of the male flower, but their development is 
arrested at about the same time as that of the other rudimentary 
parts. This suppression is not accompanied by disorganization, 
as in other parts, but the organs 'merely stop growing and are 
/wholly or partly overtaken by^ the growth of the surrounding 
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tivssiies. At anthesivS those of the upper flower are seldom visible, 
while those of the lower flower are relatively conspicuous even 
when such flower has a functional pistil. 

The pistil of the upper flower is not materially different from 
that of other grasvses. Giiignard’s dewscription is accurate. As 



Figs, x2“'I5. Sections .showing steps in the decline of the pistil of the malcj 
flower* X 60, 

he has pointed out (3, p. pistil seems to be developed from 

a single carpellary leaf,' The duplex sStructure' of the 
indicates that it may luive resulted from the union of two parts, 
l)iit there is no direct evidence of this. 

After the stamen primordia have been differentiated, the be- 
ginning of the' pistil is left as a small, rounded prc)tiil)erance. Near 
the base of 'this a ring of tissue .begins to grow up and finally arches 
over to form the ovary wall (W, Text-figs. 9, 10, and Plate 23,, 
'FIG. 3). Ultimately the edges of this come together at the top, 
but the union is never complete, a small opening to the inside, the 
stylar canal, '.being present at the top^'Of the mature ovary ( 5 C, 
Text-figs/ ’ In The meantime, a 'small projection grows 
up o'n the'.^ciaxial side of the^stylar canal, a little distance fromthe 
;latter,'toiorm 'the p'rimordium.'Of the : 
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The ''silk/' which is peculiar to maize and teosintc, i')rol)ably 
owes its iiiitisual structure and exceptional length to the presence 
of the husks that cover the inflorescence. The writer has pre- 
viously called this organ a stigma. Since the use of this term has 
been questioned, a further statement seems appropriate here. 

The difficulty seems to 
lie in finding a consistent 

stigma. Some writers, as 
Strasburger and a nimi 1 :)er 
of his students, speak of it 
Q-s a morphological unit of 
^ -11 the pistil, coordinate with 

Fig. i6. Transverse section of the silk, X 200. ^ ^ 

the style and the ovary; 
and others define it as merely that portion of the surface of the 
style upon which pollen grains may germinate. In dealing with the 
grasses it is convenient to speak of the feathery part of the filament 
extending upward from the ovary as the stigma and of the smooth 
part as the style. Strasburger makes this distinction in his text 
book. Many other writers, in describing the grasses, recognize 
the convenience of such a distinction when they speak of the 
"two or three feathery stigmas." It was not, and is not now, 
the writer's intention to form a new definition of terms, The 


point intended is merely this: The corn silk, being compound in 
structure and plumose and receptive to its base, is the homologue 
of the "two feathery stigmas " of other grasses. If the common use 
of the word, stigmay in speaking of other grasses is inadvisable, and 
a consistent nomenclature is devised, the appropriate use of the 
word, sfyky for the corn silk is conceded. 

. .From the very beginning (Plate 23, fig. 3) the silk is divided 
at the tip, and this division continues into the mature structure, 
which has already been described (8, p. 133). Two strands of 
vascular tissue traverse the entire length of the organ (Text-fig « 
16). Neither in transverse nor in longitudinal section is there 
any evidence of a tissue morphologically differentiated for the 
passage of the pollen tube, as has been described for other grasses. 

' The plumose appearance' of, the stigmavis^^ due/tO" numerous 
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hairs arraiig’ed in definite areas. Each hair has its origin in a single 
epideriiial cell (wsce Text-figs. i 7 “ 24 ) which .divides anticlinallyj 
giving rise to four, or occasionally five, cells. Each of these cells 


divides transversely a mini- 
ber of times and produces 
a long filament, the four 
filaments being loosely at- 
tached to each other, leav- 
ing an intercellular canal 17 18 




ill the middle of the hair. 
Some of the filaments are 
longer than others, and, as 
a result, the hair tapers to 
a point, where it consists 
of but a single, cell or a 
single rovT of cells. The 



upper ends of many cells of 
the hair are turned out- ^ 
ward, giving the pollen tube 
easy access to the canal in 



the middle (Text-fig. 25), 20 




through which the tube 
reaches the main part of 
the silk. It seems that it 


Figs. 17-24. Steps in the development of 
a stigma hair. Figs 25 and 26. Cross sec- 
tions of stigma hairs, X 200. 


is only through these hains that the pollen tube can gain entrance. 

The ovary contains a single ovule, which is of a modified campy-* 
lotropouB form. At about the time of the differentiation of the 
megaspore mother cell, the integuments begin to grow up around 
the nucellus. , The tissues on the adaxial side of the ovule grow' 
so much faster than those on the other side that, at time of the 
maturity of the embryo sac, that organ, with the tissue immedi- 
ately surrounding it, has been completely inverted. The ovule 
is attached for a considerable distance along one side, and no 
funiculus is present; the embryo sac remains straight, as does the 
developing embryo. The one part of the outer integument seldom 
grows further than the top of the ovary, where, it forms a folded or 
wedge-^shaped' body, closing the stylar canal (Text-figs, 27, '2S)v: 
The 'micropyle is formed:'Ey. the,,' Inner integunma'f,:' And,cthe 
nucellus' protrudes throughTt (TiEXT-FiG.^ap)* 
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The peculiar details of the embryo sac of the grasvses have long- 
been know, as Golihski (2) shows in his review of the literature. 

In the early stages of devel™ 
opmeiit it is not unlike that 
of many other angiospenns, 
I have found in the case 
of Zm Mays no evidence 
of the disorganization of any 
of the megaspores, and it is 
probable that all four func- 
tion as in the group of plants 
of which Lilitm is the class- 
ical type. 

In cytological details I 
have found nothing in con- 
flict with GuignarcFs de- 
scription (3, p. 44) of the 
mature embryo sac, and only 
those details will be repeated 
in which there is some sig- 
nificant peculiarity After 
the organization of the em- 
bryo sac the antipodals di- 
vide until there are a large 
Figs. 27 and 28. Outer integument and number of cells— sometimes 
stylar canal. Ekj. 29. Micropyle, X 150, twenty-fivc Of more — somc 
stylar canal; oi, outer integument; ii, r 1 * 1 » i 

inner integument; ovule; micropyle. whicll have lUOie than one 

nucleus (Plate 23, ekl i). 

The polar nuclei do not fuse before the fecundation of the egg. 

'' The abortive stamen of the upper flower of the spikclet de- 
velops in the same manner as the functional one of the male spikelet 
up to the formation of the pollen mother cells; but the loculi arc 
much smaller, and the pollen mother cells fewer than in the normal 
stamen. Disorganization begins in the tapetal region, and the 
pollen mother cells are consumed before the epidermis is affected 
(Text-fig. 30). At anthesis these stamens are small, inconspicu- 
ous, disorganized appendages near the base of the pistil (Text- 
figs. 11, 31). 
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The fate of the parts of the lower flower of the female spikelet 
is similar to that of the homologous aborted parts of the other 
flowers. Text fig, 33 shows a section of the flower at the time 



Fxgs. 30 and 31. Disorganization of the' stamen in the female flower, X 200, 
T, tapeta! region; P, pollen mother cells; 0, ovary. 

of its highest development, the pistil having already begun to 
decline. So far as has been determined, no spore mother cells 
are formed in either the stamens or the pistil. It seems that the 
decline of all the suppressed organs of the female spikelet begins 
simultaneously, or 'nearly so, and the difference in age between 
those, of the upper and those of the lower flower would account for 
the ' difference in the degree of development finally reached. 
These organs of the aborted flower are finally I'educed to 'the con* 
dition of the other aborted pistils and stamens, and at anthesis 
the lodiciiles are the only 'prominent parts of the flower. As has 
already been noted (8, p. 135), the pistil' of, this flower is known to 
function with more or less regularity in some varietfes*, ' ' 

' ThC' cause ,of this suppression of some, organs in all spikelets, 
resulting, as it does, in' monoecism, is unknown. ^ But'the' fact 
that variations to ''the perfect-flowered condition': "Sometimes occur 
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temporarily in strains that have for a long time 1)(‘en monoecious 
in characters and that thcvse reversions are, in a measure, capa!:)lc^ 
of experimental control, offers a good held for the physiologist* 
Some of the work of Blaringhen (i) evidently has vSiich lactvS as 



Fig. 32. Lower flower of the female spikelet beginning to be dlsorganr/ed, 
X 200. Fig. 33. Aborted flower of the female spikelet at the time of anthesis, 
X 200. 5 , stamen; P, pistil; L, lemma; P, palea. 

these as its basis. It is a noteworthy fact that the organs that 
are to be suppressed develop normally up to the point where 
rapid growth and sexual development begin, and then rapidly 
decline, and this suggests a lack of adequate nutrition. But, 
before proceeding far on this supposition, we must consider two 
significant facts: In either the ear or the tasvsel, there is 'a strict 
regularity ill the selection of the sex to be suppressed; and it is by 
starving the whole plant, as when it is grown in a pot in the gTcen- 
house in the winter, that perfect flowers in the tassel are likely 
to be produced. 

Summary 

The spikelets of all varieties of maize beginTo form two perfect 
flowers, and monoecism is caused by the suppression of some part 
or parts of all the flowers. The entire lower flower of the ear 
spikelet is suppressed,, except 'in a few varieties, and ordinarily 
only one fruit develops., , 

. ^ , In any, single flower the development of the, stamens is more 



Weatherwax: Spikelets of Zea Mays 


495 


advanced than that of the pistil ; but the pistil of the upper flower 
of a spikelet is usually more advanced than the stamens of the 
lower floweic 

In the organs in wdiich it occurs, suppression begins at about 
the time of the differentiation of the spore mother cells in the 
fimctioiial organs. 

The aborted stamen of the functional female flower produces 
niicrospore mother cells before it begins to decline, and the aborted 
pistil of the male flower may pi'oduce a megaspore mother cell, 
but the organs of the aborted flower of the female spikelet do not 
produce spore mother cells. 
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jEJxpIatiatioii of plate 23 

Fig. I. Embryo sac, E, egg; synergids; P, polar nuclei; .4, antipodal tissue. 

Fig. 2. Another section of the embryo sac shown in Fig. i. 

Fig. 3. Very young pistil, X 60. 5 , one lobe of silk; B', beginning of ovary 
wall. 

Fig. 4. Section through the middle of an anther just before the reduction di- 
vision, X so. 

Fig. S* Section through the middle of a mature anther, X 50. 

Fig. 6- Section from near the distal end of the anther shown in Fig. 5. 

Fig. 7. A mature anther, X 10. 

Fig, 8, Section of pollen grain, showing germ pore, vegetative nucleus, and the 
two sperms, X 550. 

Fig. 9. Portion of a longitudinal section of a stamen of the female flower, just 
before disorganization begins, X 200. E, epidermis; T, tapetal region; P, j>ollcn 
mother cells. 
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Relationship of the genus Kuehneola* 

J. C. Artiiitr 

The genus Kuehneola was established by Magniisf some twenty 
years ago to better emphasize the peculiar rust on Rubiis having 
white and delicate-walled teliospores, a rust that had previously 
for a decade been called Phragwidium albidmn. The colorless 
telia with their eaten iilate teliospores, so unlike rusts in general, 
were placed in the genus Oidium by Link in 1824, and in the 
genus Torula by Fries in 1832, 

For a brief interval after the fungus was recognized as a rust, 
and before it was assigned to Phragmidium, or its close ally 
Kuehneola^ it passed under the name of Chrysomyxa albida. In 
giving this name Julius Kuhn,t with his usual thoroughnevSS and 
insight, dearly set forth, the characteristics of both urediiiiospores 
and teliospores, pointing out that in the shape and manner of 
formation of the delicate, cylindrical teliospores, as well as in the 
abscflce of paraphyses around the uredinial sorus, and in the 
general appea, ranee of the urediniospores, there was indicated a 
closer relationship with Chrysomyxa {Melampsoropsis) t\\z,n with. 
Phragmidium. 

The original Kuehneola albida (Ktihn) Magn., now better 

*' Fresetited, in part befor«i the American ■ Phytopathological Society at , the 
Columbus' meeting, December 29 , 1915 , 

t'Bot. Centr, 74:' 169, 1898. 

t Bot, Centr. 3 : 6 : 154. iBSa. , ■ 

fTbe„BirLtETiN for October ( 44 : ’4^>3-''SOo, , pL 2j) was issued October x, 1917 . 1 
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called K. Uredinis (Link) Arth., if the earliest specific; iiaiiie is 
to he adopted (whic'h happens to be one founded upon the telia), 
is now known to occur on many species of Ridms throiij^iioiit 
Europe and North America, and another species, K. atulicola 
(Diet, & Neg.) Diet., is found in South America on Ruhm geoides 
Sni. In 1912 Dietel and the writer added three species to the 
genus on other rosaceous hosts, and l)etwecn 1912 and 1914 
Butler, Sydow and the writer added eight other species, whose 
hosts belong' to the families Vitaceae, Artocarpaccae, Burseraceae, 
Anacardiaceae, Verbenaceae and Bignoniaceae. Of all these 
species the full life history is known for only the first species, 
K. Uredinis on Rnbus ( Rosaceae), and the last one, K. Markhaniiae 
(P. Henn.) Syd. on Markhmnia (Bignoniaceae). 

The last species occurs in German East Africa. A good 
description is given in Syclow’s Monographia Uredinearum (3: 
318), but without mentioning the pycnia. These were foiiiul on 
an original specimen in my own herbarium. They are epi|)l'iyllous, 
in small groups opposite the primary uredinia, punctiform, sub- 
cuticular, loo-iio/i in diameter, the hymenium flat; ostiolar 
filaments wanting. The urediniospores are borne singly on pedi- 
cels, sparsely echinulate-verrucOvSe, and with three eciuatorial pores. 

It will be seen that the general characters of K, Uredinis and 
K. Markhamiae coincide, and the two species can be considered 
genuine representatives of the genus Knehmola, Altliough the 
pycnia of K. andicola luwe not been .delected, yet the similarity 
of the known characters, and the host l>eing a^st)ecies of Rubns, 
that species can also be includetl in the genus without hesitaiicy. 

The other recorded species on rosaceous hosts K. japonim 
Diet,, on three species' of Rosa in Japan, AT, Duehesneae Arth., 
on Dnekesnea indica (Andr.) Focke {Fragaria indica Andr,), in 
xNorth America, and K, ohtusa (Strauss) Arth,, on three or more 
species of FotenMlla, in Bnirope, and on P. canadensis f.. in 'North 
Amtuica. No specimen of the species on has been seen by tiie 
writer,, but ,the description, for teliap)nly, appears to warrant its 
inclusion under Kuehneola. 

Ill studying the species on Poientilbi, or two species, as maim- 
tained by some uredinologists, it w, as' brought some 'time 'since 
that, the relationship with species on:RtMU' is not 
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as close as had been assumed. Hie matter was especially brought 
to my a;tteiitio!i liy i')r. F. I). Fromme, while a member of niy 
laboratory forces and has since ■ been considerably elucidated. 
Recently the statement of Dietel,'’”' made a number of years since, 
was brought to mind, and as he lias covered the chief item in 
ciueslion very succinctly, I can not do better than present his 
words ill English form. Dietel sa^^s: '‘The so-called teliospores 
of Kuehneola are spore-chains, series of one-celled single spores, 
which are successively abstricted one after the other from the 
apex of a common hypha, and remain united fast with one an- 
other.” This statement by Dietel applies to the members of the 
genus Kuehneola as represented, by the forms on Rubus and 
Markhaniia^ but not to the forms on PokntUla and Duchesnea 
that the writer placed under that genus, although there is much 
similarity in appearance between the two. The latter have the 
teliospores distinctly stalked. They are morphologically in regard 
to their septation like the teliospores oi Phragmiditim, under 
which genus they are usually placed, but have vsingle, apically 
placed pores in each cell, and the spores are smooth. For such 
forms I propose the following new genus, named in honor of Dr. 
F. D. Fromme, profcvssor of botany in the Virginia Polytechnic 
Institute,, whose clear thinking and cogent reasoning have much 
enriched botanical science. 

Frommea gen. nov. 

Cycle of', development includes pycnia, primary and secondary 
.iirediniaAmd telia; aiitoecious., Pycnia subcuticular, Aether sori 
subepklermal. ^ a 

Pych'ia'witli 'flat 'hymenium and without' ostiolar filaments. 

' Ureclinia , with few or neparaphyses, the urediniospores borti'e 
singly onbp.edic'els, pale, and with pores indistinct, , usually' equa- 
torial ' • b 

^Teliai^ithout paraphyses, the teliospores free^ pedicelledr 
serially slv'eral-celled, rarely one-celled, colored, 'the wall smooth^,, 
the' pore;^ 'Single and apically placed in each nelL 

;;Type tJredo obtusa Strauss, on Tormentilla erectu, ,, 

;FroiBiiiiea obtusa (Strauss) 'comk;' m'ov. 

Phragmidium , T ormentillae . ■ F ckl *. * ■ ■■■ P* • Poteniillae-canad ensis 


Myc. loi 205. 
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Diet,, Kuehneola ohtusa Arth.), on FoltmtiUa sylvestris (P. 

Tormmtillae, Tormentilla erecta), P. procumbens^ I\ mixta ^ P. 

replans^ P. canadensis y Europe and North America. 

In Sydow’s Monographia Uredinearum (3: 105, 106), where 
the primary uredinia are described as aecia, the European and 
American forms are assigned to separate species distinguished !)y 
the different number of cells in the teliospores, but in the examina- 
tion of a large number of collections of each no suc‘h difference 
has been detected. The description of the type species by Strauss 
is that of the telia, and his illustration shows a teliospore, although 
Strauss placed his species under Uredo. 

Frommea Duchesneae (Arth.) comb. nov. {Kuehneola Duchesneae 

Arth., Phragmi&ium Duchesneae Syd.), on Duchesnea indicay 

North America. 

Frommea Polylepidis sp. nov., on Polylepis sp., Corazon, Ecuador, 

October, 1891, G. Lagerheini, 

Uredinia hypophyllous, scattered, round or oblong, 80-160 ju 
across, soon naked, somew^hat pulverulent, dirty white, ruptured 
epidermis evident; paraphyses none, urediniospores obovoid or 

ellipsoid, 10-16 by ^19-25 ju; wall light yellow to colorless, i 2 ji 

thick, evenly and moderately verrucose-echinulate, the pores 
obscure. 

Telia unknown. 

The genus Frommea differs from Phragmidium y not only in 
having nearly or quite smooth teliospores, with one apical [lore 
in each cell, instead of tuberculatc teliospores with more tlnui 
one pore and lateral in each cell, but also in possessing no aecia. 
proper with catenulate spores, but instead having prima.ry luxxHnia 
with pedicellate spores. The ■primary uredinia are circinnatc 
about the pycnia, epiphyllous, large and much resemliling in 
gross appearance the caeoma of a Phragmidium. 

The next group of species to be considered consists of the two 
species on Malvaceae, placed by the writer under Kuehneola in 
1912 (N. Am. Flora 7: 187), and accepted as such hy subseciuent 
writers. The discovery of the telia in this group was made in 
March, 1911, by Mr. C.'R. Orton, then a member of the laboratory 
■force, now assistant professor of botany in the .Pennsylvania 
State College, who iound them xm Malmviscus Drummbndii T. & 
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G., collected at Austin, Texas, October 31, 1909, Heald & Wolf 3^2. 
Since then they have been found on two collections of Afahamscus ^ 
M. arbore/us and ii. mollis, from Guatemala. These three colleo 
tions are the only ones yet known to show telia' for K. malvicola. 

All three collections show abundance of the telia, which agree 
in their appearance and form with the published dcvscription. 
The long filiform spore chains do not readily separate into single 
cells, even after germination. They spread apart, however, even 
to the hymenial point of attachment in the sorus, showing that 
there is no tendency to lateral agglutination. The walls are 
distinctly cinnamon-brown, and in this character, as well as the 
negative fact that pycnia are unknown, the species fails to accord 
with the species of Kuehneola on Ruhus and Markhamia^ but the 
agreement is so marked in the more essential characters, that the 
species may for the present be considered correctly placed under 
the genus Kuehneola. 

When telia on Gossypium were found by Mr. Orton in May, 
1911, it was natural to vsuppose they would fall readily into the 
same genus as the other malvaceous form had done, especially 
as the characters of the uredinium were practically in agreement. 
Both species have delicate, uniseriate teliospores. In the Gos* 
sypium rust, however, the spores are adherent laterally, and the 
end cells of all the spore chains fall away readily, producing a 
short columnar teliuni that becomes pulverulent at the extremity. 
In the form of the teliiim it simulates that of Cronartium, only 
being short, scarcely higher than broad, instead of being exces- 
sively long. , The teliospores are ■ colorless, not tinted as, in K. 

' malvicola.. 

The telia of the Gossypium rust in color, habit of spores, and 
general form, agree' well with those, of Cerotelium^ the only fully 
i-ecognized species ^of' which, C, Canavaliae, is on a fabaceous host. 
The uredinia of the Gossypium and Canavalia ,rusts are not unlike, 
except that the former has delicate, peripheral paraphyses, im- 
bricated over the sorus, most readily seen when still unopened 
while the latter has a- delicate p'eridium of ,polygonal cells, , also’ 
most readily seen' in the unopened sorus, 'Jn both cases ' the 
uredinial envelope breaks away 'and becomes more or less evanes- 
cent after the sorus opens.; ■ ' ’ , ■ ' ■ / ^ , : 
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There remain ihe following si>e('ies assii^iied to K iirinienhi: 
Jv. .(Biiti.) Sycl. (Vitaceae), K, Biiilvn S\-(l. ami iv. alivHa 
Syd. & Butl. (both Aiiacar{Ha.ceae), Ab Fid IRifL (Afioeari;)a(X‘ac‘), 
and Jv.. perci^rina Syd. Ai Butl. (Vcrl>cna('eae), lor none of whic'h 
has the writer seen an authentic collection. In t'lH‘ case of /v. Fid 
the writer has already followed the lead of Ihuller''' and Sydcnvf 
and accepted the statement made l,)y Butler that: tiie uredinial 
stage so common, on the cultivated fig and otlier specicNs of Ficus 
in the tropics is identical with the form associated with telia otanir- 
ring in India on Ficus iomentosa, and has so listed collections from 
the West Indies.J Carefully reviewing the exxxdlent des('rif)tion 
and figures given by Butler, it seems that the Ficus rust has a 
telial structure essentially the same as that of the Gassy pium rust:t 
and should be assigned to the same genus, llie ,sanie reascui 
holds for a similar treatment of K. Vitis and K. Btitlerk In the 
case of K. aliem and K, peregrina no paraphyscs for the uredinium 
are described, but in all other respects the descriptions indicate 
a similar rust. Whether In this case paraphyscs are entirely 
absent, or only to be seen by special manipulation, the writer lias 
no way of ascertaining. 

By this interpretation of generic characters only five species 
remain in the genus Ktiehneola, out of the dozen or more which 
have heretofore been assigned to it. They are three with hosts 
in Rosaceae {K. Uredinis, K. andicola^ K» japonica), one in 
Bignoniaceae (AC. Markhamiae), and one in Malvaceae, (AC. mahd 
cola). The' greatest importance is here -attached to the structure 
of the telium, less to the-urediniospores, and least to tlie alisence 
or presence of peridium or paraphyscs in the uredinium. 

This last item indicates an entire change of opini(,m l,)y Ihe 
waiter regarding the value of characters drawn from tlie protective^ 
structures of the uredinium for generic diagnoses. A strong factor 
in 'founding th^ genera Physopella and Bubakia in i9o6§ was 'the 
belief that, the nature of the paraphyscs or peridium, or tlieir 
absence,,' was of high generic value, and the same opinion, has, more 
than once .been reaffirmed. || Recent studies of rusts with irw 

* Ann. M,yc. 12: 76. 1912. 

Monog. Ured. 3; 323. 1914. 

I Mycol. 8: 174. 1916. ' 

§ Result. ScL Congr. B'o,t. Vienne 338. . ' .■ . 

II Mycol 7: 173- x' 9 X 5 ; 9159. ■ 10X7.' ' .,,V " J, ^ 
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dehiscent, lenticular telia of, the Schroeteriaster-Phakopsora appear- 
a,nce liax^’e entirely reversed this view. It has been found that 
with all other characters in essential agreement, the uredinium 
may have a membranous peridium opening by a central pore 
(e. g., Phakopsora piinctiformis Diet.), or imbricated paraphyses 
iiiiiled at their bases forming a pseudo-peridium opening by a 
central pore (e. g., Phakopsora Pachyrhizi Sycb), or a circle of 
hyphoid or incurved paraphyses often not higher than the spore 
mass (e. g., Phakopsora Vitis Syd.), or neither peridium nor para- 
physes (e. g., Bubakia Crotonis Arth.). 

The same situation appears to prevail in the genus Cronartium, 
as indicated by recent studies not yet published of tropical Amer- 
ican material. The same appears to be true of the expanded genus 
Cerotelium and to some extent of the contracted genus Kuehneola, 
as here outlined. These four genera appear to be closely related, 
having a like development of the uredinium with its several forms 
of protective envelope or none, and a characteristic telium for 
each. Only in Kuehneola has the life cycle for some species been 
completed, and when this is done for the other genera, of course 
it is possible that some .further vshifting or emendation may be 
reejuired. 

The following outline is presented to bring together in closer 
view the several groups of rusts considered in this paper. All 
short-cycle forms are excluded from consideration. The type 
species of the genus is given in each instance, and also the type 
species of genera reduced ,to synonymy. Under Cerotelium, 
Kuehneola^ and Frommea, all vspecies known to the writer which 
may be correctly placed under these genera, are here listed, l)iit 
under Phakopsora and Cronartium only such species are given as 
are ^ considered especially ' illustrative, or call , for transfer from 
other genera, Other species heretofore ^ published ■ and accepted 
under Phakopsora and Cronartium, possessing known telia, ' such' 
as given in the third volume of Sydow’s ' Monographia Uredin- 
earum, have not been listed. "" , , ■ ' ' ^ 

' Only /'in a few instances is it possible to assign forms' to their 
respective 'genera ' when only the uredinia are 'knowpy The'' at- 
tempts to do so by the Sydows {Kuehneola Garugm and Phakopsora 
jMplii)i ^vS, well as, those writer/ under ,the ^%mm:\PhysopeUa 
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{P. Madurae, P. Cherimoliac, and P. Artocarpi), niusl l^e con- 
sidered premature and exceedingly hazardous. Many forms de- 
scribed under Uredo, which almost certainly Iielong under one 
of the genera here presented, must await tlie discovery of tclia 
for further asvsortment. 

UREDINACEAE (Melampsoraceae) 

Telia laterally expanded, lenticular or discoid, indehiscent, the teliosporcs one-cdlcd, 
catenulate with few spores in a chain, compacted; iirediiiia with delicate, 
cellular peridium, with peripheral, free or imbricated paraphyses or neither, 
the urediniospores sessile, apparently produced in chains with one spore matur- 
ing at a time and falling away before the next one enlarges Phakopsok a 

Phakopsora punctiformis (Bard. & Diet.) Diet, (type of 
Phakopsora)^ on Galhm Aparine (Rubiaceae), India. 
Phakopsora alpina (Schrot.) comb, nov. {Uromyces alpimisSchvQt.y 
type of Schroeteriaster) y on Rumex alpinus (Polygonaceae), 
eastern Europe. 

PtiAKOPSORA ViTis (Thlim.) Syd. (type of Physopella), on Par- 
thenocissus and Vitis spp. (Vitaceae), Japan, possibly including 
all forms in tropical America where no teliospores have yet 
been found, 

Phakopsora fenestrala (Arth.) comb. nov. {Uredo jenestrala Arth.), 
on Phyllanthus distichnSy P, grandif alius and P.Niruri (Euphor- 
biaceae), Porto Rico. 

Phakopsora Crotonis (Burr.) comb. nov. (Schroeieriastep Crotonis 
Diet., type of Bubakia),. on Croton- and Crotonopsis vspp. 
(Euphorbiaceae), NoVth America. 

Phakopsora, mexicana (Arth.) comb. nov. {Bubakia msxicana 
Arth., Schroeteriaster mexicanus Syd.), on Croton Bpf), (Euplior- 
biaceae), Mexico. 

Phakopsora argeatinensis (Speg.) coinb. nov. [Sdiroeterimter ar- 
' gentinensis Syd.), on Croton sp. (Euphorbiaceae), South Amer- 
ica. 

Phakopsora stratosa (Cooke) comb. nov. {Schroeteriaster stratosus 
Syd.), on Croton sybaticus (Euphorbiaceae), Southern Africa. 
Phakopsora Glochidii (Syd.) comb, nov,' {Schroeteriaster Chchidii 
Syd.), onGlochidium zeylanicum (Euphorbiaceae), Formosa. 
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Phakopsora Brideliae (Koord.) comb. iiov. (Uredo BrideMae 
Koord., Schroeteriaster cingens Syd.), on Bridelia spp. (Enplior™ 
biaceae), Philippines, Java, India. 

Phakopsora Meibomiae (Arth.) comb. nov. (Physopella Meihomiae 
Arth.), on Meibomia spp. (Fabaceae), West Indies. 

Phakopsora Vignae (Bres.) comb. nov. {Uredo Vignae Bres., 
Physopella concors Arth.), on Vigfia lutea (host of type), 
Phaseolus lunattis, Dolichos Lablah, Teramnus uncinatus 
(Fabaceae), West Indies. The teliospores of this species are 
not yet known. 

Phakopsora Crotalariae (Diet.) comb.' nov. {Uredo Crotalariae 
Diet.), on Crotalaria sp. (Fabaceae), Rio Janeiro. The telia 
were found on a part of the original collection, made by E. Ule 
at Copacabana, on the bay of Rio de Janeiro, Brazil, in August, 
1897. They are subepidermal, inconspicuous, lenticular, about 
4 or 5 spores deep, the spores compact, angular, about 10-15 
in diameter, the wall 1.5 m thick, cinnamon-brown. The 
uredinia have imbricated paraphyses and urediniospores very 
similar in size and form to those of Phakopsora Vignae. 

Phakopsora Aeschynomenis (Arth.) comb. nov. {Uredo Aescky- 
nomenis Arth.), on Aeschynomene spp. (Fabaceae), Mexico, 
West Indies and South America, The teliospores are not yet 
known. 

Telia erect, verruciform, not much longer than broad, erumpent, somewhat waxy, 
becoming pulverulent at the surface, the teliospores one-celled, catenulate with 
few spores in a chain, the terminal spores readily separating upon germination ; 
uredinia as in tlm preceding.. ' Cjerotelkim 

Cerotelium, Canavaliae Arth. (type of Cerotelium), on Canavalia 
ensiformis and C. gladiata (Fabaceae), Porto Rico. 

Cerotelmm Fid, (Cast.) comb, novi {Uredo Fid Cast., Uredo fidna 
Jnd, Physopella Fid Arth., Kuehneola Fid ButL), on Ficus 
spp., Toxylon pomiferum^ Broussonetia ^papyrifera, Morus 
indica ( Artocarpaceae) , in all tropical regions, chiefly, as 
uredinia. 

Ceroteliuni' Vitis' (ButL) comb. nov. {Chrysomyxa Vitis Butl;, 
Kuehneola Ti^i^'Syd.), on Ampelodssus latifoUa (VitaPeae), 
India,^ 
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/fcerotelium Gossypii (Lcigerli.) comb, now {Laredo Gassy pi i 
Lagerli., Kuehneola Gossypii Artii.), on Gossypaum vSpp. 
(Malvaceae), tropical Asia and America. 

Ceroteliiim peregrinuni .(Syd. & Bull.) comb. iiov. (Kuehneola 
peregrina Syd. & Butl.), on CJerodendron sp. (Verbciiaceae), 
India. 

Cerotelium Lanneae (H5hn.) comb. nov. (Uredo Lanneae Holm., 
Kuehneola Butleri Syd.), on Odina Wodier (Anacardiaceae), 
India and Java. 

Cerotelium Spondiadis (Fetch) comb. nov. (Uredo Spondmiis 
Fetch, Kuehneola aliena Syd. & BiitL), on Spondias mangijera 
(Anacardiaceae), India. 

Cerotelium Eviae (Rac.) comb. nov. (Dieielia Evim Rac.), on 
Spondias (Evia) spp. (Anacardiaceae), Java. It is possible 
that this and the preceding species, C. Spondiadisg may be 
identical. 

Telia erect, filiform, erumpent, waxy, becoming corneous, the telioaporcs one-ct^lled, 
in long, indistinguishable chains, not separating upon germination; iiredinia as 
in the preceding... Cronarthjm 

Cronartium flaccidum (A. & S.) Wint. (type of Cronarlium), 
on Asdepias spp., etc. (Asclepiadaceae, etc.), Europe and Japan. 

Cronartium Byrsonimatis P. Henn., on Brysonima coccolobijdlia 
(Malpighiaceae), South America, a species with iiredinia having 
imbricated paraphyses. 

Cronartium Zizypht (Pat.) Syd. & Butl, on Zkyphus sp. 
(Rhamnaceae), India, a species with iiredinia having imfiri^ 
Gated paraphyses. 

Telia erumpent, velvety, the teiiofipores onc-celled, catiuiiilate with many HfjoreM in 
spreading, free chains; uredihia apparently as in the pn^eding, but tlw* para- 
physes hyphoid, inconspicuous, or none; pycnia accompanying primary urcclinia. 

Kukiineola 

Kuehneola Uredinis (Link) Arth. (type of Kuehneola), on 
Rubus spp. (Rosaceae), North America, Europe, and Southern 
Africa. 

Kuehneola and^cola (Diet. & Neg.) Diet., on Rubus geoUes 
(Rosaceae), South America. 

Kuehneola japonica Diet., on Rosa spp. (Rosaceae), Japan. 
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IvUEHNEOLA MarivHAMIAK (P, Hcnn.) Sytl., on Markhamia vSp. 
(Bignoniaceae), East Africa. 

Kuehneola i\i:alvicola Arth,, on Malvaviscns and Hibiscus spp. 
(Malvaceae), tropical America. 

AECIDIACEAE (Pucciniaceae) 

Telia eriimpciit, the teliosporea free, pedicellate, cells uniseriate or rarely one, the 
pores one in each cell and placed apically; uredinia both primary and secondary, 
no paraphyses or peridiiun with the former, inconspicuous peripheral paraphyses 
with the latter, or none; pycnia accompanying primary uredinia.. . .Frommea 

P'rommea obtusa (Strauss) Arth., on Potentilla spp. (Rosaceae), 
North America and Europe. 

Frommea Duchesneae Arth., on Diichesnm indica (Rosaceae), 
North America. 

Frommea PoLYLEPn3is Arth., on Folylepis sp. (Rosaceae), South 
America. 

Purdue University, 

Lafayette, T ndiana 





The guavas of the Hawaiian Islands 

VaughxVn MacCaughey 

The guavas comprivSe a valuable and widely distributed genus 
(Fsidiimt L.) of tropical and subtropical fruit trees and shrubs. 
They are indigenous to America, but numerous species are now 
thoroughly established in many of the warmer parts of Africa, 
Asia, Oceanica, and other regions. There are about 150 known 
s{)ecies, and presumably a large number of forms in South and 
Central America that are still undescribed. 

Seven or more species and forms have been established in the 
Hawaiian Archipelago since early times and now constitute an 
important element in the lowland flora. The Hawaiian Islands 
were discovered by the Spanish in 1555, over tw'O hundred years 
before the discovery by the great English circumnavigator, Captain 
Cook. Although historical data concerning thcvse two centuries 
is very scanty, there is little doubt but that the Spaniards visited 
the islands repeatedly, and accidentally or purposely introduced 
vari()us Mexican, Central American, and West Indian plants. 
The common guava in its several forms was introduced either 
during this f)eriod or wdthin a relatively short time after the 
discovery l:)y Cook. It was spread rapidly from island to island 
and locality to locality and has now become a dominant woody 
weed in many lowland, valley, and foothill regions. It possesses 
all the attributes essential for aggression-great hardihood with 
reference to untoward conditions; rapid growth; deep roots; 
ability to thrive on scanty water supply; power of flourishing on 
rough, rocky ground; production of sturdy root-sprouts in great' 
numbers; prolific and almost continuous fruit production, with vast 
mumbers of viable seeds; resistance to insect and fungus pests; 
notable powers of dissemination. 

,The fruits' of all the species are attractive 'to animals, and 'the 
■seeds of the wild' guavas are widely scattered throughout, the 
^ islands, both on the lowlands and in the' mountains, by means 
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of wild and domestic live-stock and hircLs. ( .liiri(\sc do\'e 

{Ttirl'iif cliinensisjy mynah bird {Acridothcrcs Irish s), rice Iiird 
{Carpodac.ns mexicamis obscurus), sparrow (Pdsser donifwiinis) , 
Chinese reed-warbler (TrocJmlopkrum oilu.i' intro- 

duced birds, as well as the steadily decreasing indigiiious birds, a,!! 
feed freely upon tlie guavas, and disseminate them to the iiiosi: 
remote regions. The wild swine, goats, vsheep, and cattle also 
feed upon the .fruits, and assist in the distribution of these 
ubiquitous plants. Nunierous insects, especially of the Orthof)- 
tera, gna^w holes in the ripening fruit, and devour the pul|)y 
interior. 

As a result of their marked adaptability to local ('onditions 
the Hacvaiian guavas have become serious pests, particulai'Iy on 
the arable lands. The wild guava, together with Hawaii’s other 
chief woody pest, the lantana (Lantana Camara L.), occu|)y 
thousands of acres, to the practical exclusion of indigenous vege- 
tation. The main guava zone is in the lowland area, inchidiiig 
the valleys, ridges, and foothills, up to aii elevation of about 
300 meters. Isolated trees are not uncommon al)ove this level, l)iit 
the great tracts of almost unbroken guava ^bscrul)” lic‘ l)elow it, 
On the islands of Maui and Hawaii, which rise to 3,000 and 4,200 
meters, respectively, the upper limit of the guava scrul) is usually 
about 100 meters, but the general proportions of the zones are 
about the same as on the lower islands. 

Land desired for agricultural purposes, that has btHrome over- 
grown with guava scrub, is very difficult to clear. The roots aw 
so 'deep, tough, and interwoven that their removal necessifab^s 
arduous hand labor; they cannot be plowed up by ordinary 
methods. M^oreover, the roots are so long-lived, even ’when ('lit 
into, fragments, and sprout so freely, that every pieiv imrsf' 'be 
removed from the soil, if the clearing is to'l)e permanent Iri 
hurried or careless clearing of the land, when many roots are lc4t', 
they quickly send up vegetative shoots and again t:ake poss(!Ssioii 
of the soil. So laborious is the clearing of guava-land that tiie 
usual contract price, in the vicinity of Honolulu, isirom, fifty to 
one hundred dollars per acre, varying' with the density of the 
scrub and the 'Stoniness of the lancL 

, ^ 'On side-hills, and valley wslopes and otheir waste land that:, has ' 
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!io Dgrit'Dltiiral value, the guava, like its dose associate the 
laiitajia, is a l)eneficial plant. It improves the soil, both in phys- 
ical character and in nutritive content; it checks erosion; and 
gTadiially ameliorates otherwise barren and unattractive areas, 
iriie guava is a successful and valuable pioneer, although difficult 
to eradicate when the land is needed for other purposes. The 
great areas of guava scrub that are distinctive of so many of 
Hawaii’s lowland regions have a commercial value as bee-pasture. 
The flowers are fragrant and highly nectiferoiis, and yield an 
excellent grade of honey. The wild guava has high rank among 
the honey-plants of Hawaii. 

In addition to the wild forms of guava, which arc so common 
throughout the lowlands, there are a number of choicer varieties 
occurring only in cultivation, Thcvse are restricted to the larger 
CvStates, tropical gardens, and older plantations, where the less com- 
mon tropical economic plants receive special consideration. The 
Hil!el)rand gardens, the Moanaliia estate, the Jaeger gardens, 
Ainhau, and gardens in the older settlements at Waimea, Lahaina, 
Kohala, and Hilo, are examples of situations where these less 
generally known forms are to be found. 

The genus Fsidium is myrtaceous, and nearly related to Myrtus, 
Eugenia^ and Punica. The generic name is from the Greek psidion^ 
meaning pomegranate, a fanciful reference to the fruit, (kiava 
is from the native Guiana name, guayaba. The genus com- 
prises low-growing trees or shrubs, characterized by leaves 
which are op|)osite, petiolate, glal:)rous, pubescent or tomentose, 
and, pinnately veined, llie flowers are solitary or few (one to 
three, rarely maiiy)> axillary or lateral pedimdes; they are 
usually rather large and 'whitish. The calyx-tube is urceolate or 
pyriform, adnate at, the b’ase; lobes four or five, persistent; upper 
free portion entire sometimes closed over the flower in t:he 
'bud, and later coming off entire or vSplitting irregularly into two 
to five lobes. The petals are four or five, dree and 'spreading. 
The stamens are numerous, disposed in many series 'and inserted 
upon' the, disk; filaments filiform; anthers oblong'' or’ linear, 
basifixed, and longitudinally dehiscent., The o'vary' 'has two ^tO: 
seven, commonly four, locules, with many ovules 'in each 'locale, 
inserted, on bifid, axile^dacentas. ; The.style'is slend'eiA,' tlie'sti^^^^ 
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peltate or siibcapitate. The fruit ivS a l)crry, in shaf)e ()\'oi(j, 
globose or pyriform, and about 2.5'-7.5 cm. long and crowned 
with the 'calyxdimb. The skur is thin and delicate, yellow to red 
in color, sometimes green, llie seeds are few to numerous, 
small, hard, kidney- or horseshoe-shaped; the ernbrv'O curved, with 
a long radicle and short cotyledon.s. The guawis are all readily 
propagated from seed, and often fruit the second year Ironi seech 
The fruit of none of the horticultural forms is suitable for shipping, 
as it is too delicate, and ripens too quickly.* 

The Common Yellow Guava 

This species, P. Guajava L., in its several forms, is the most 
abundant representative of the genus in the Hawciiian flora, 
It is also called lemon guava, or wild guayaba although these 
names are not distinctive. The Spanish name is guayaba^ and 
the ciboriginal Mexican name, xalxocoiL It ranges from Mexico 
to Central America and Peru. It is highly varial)le, and has 
many horticultural forms, which are not thoroughly knowm. The 
two varieties that are commonly given in the literature, 
fenm'" and pyrifenimG referring to the shape of the fruit, 
are no longer given botanic status, as the}' represent indefinite 
variations. In California a variety is known to the trade as 
^^Hawaiian Guava” — it licis a yellow skin and pink flesh— hut 
has not been demonstrated to be a genuine variety. 

* Engler & Prantl (Nat. Pflan^jenfam 3L* 67-69), give the fallcwing character- 
ization of the genus: 

Fsidium L. (Acca Berg, Calypiropsidhtm Berg, Mitmnthea Berg z. T.) Blfitenachse 
meist gestreckt, ± liber den Frkn. hinaus verUingert. Ketch verwachHcntjIhttrig, 
beim Aufbliihen mit meist bis zxtin Stamliialdiscus reiclienden LiingrisHcn in die? 
einzelnen B. oder uiiregelmhssig zerreissend, sehr solten haubenarUg al)g<\si)ri‘ngl. 

A. oval bis linear, dorsUix. N. knopfig; meist 4-5 (a--?) Erb., die nic'ht ganz las ztu 
Achse verwachseii, so d'ass die Flacenten parietal bleiben unci in jeder Kaniiner eineri 
oblongen Kranz bilden.— Alles tibrige wie bei Myrtm; nur die (moist b('‘ha,artcn,) 

B. iind die BL, iiberhaupt die ganzen Pfl., durchschnittlich krtiftiger. 

Their synopsis of the genus, with typical species, is: 

Sect. I. Apertiflora Ndz. 

A. Oblqngifolia Ndz.: F. ciliatum Benth.; P. aromalkum Aiibh 

B. Obversifolia Berg.; F, CaUleyanumSMn^. 

C. Albotomentosa Berg: F. incanescens Mart,; P. grandi folium Mart. 

Sect. 2. Calyptrata Ndz. , 

^ A. INTEGRIFOWA Ndz.: P. Guayavd Rarldi; F. Amga Radtli. 

' B. Crbnatifolia Berg: F. sinatidum DC,; F, MmiUk 'Rkh. 

\Sect. 3. ^UWLYFTROFsnnuM Berg: lA e/zgmWw (Comb.f'Ncte, ^ 
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Thtj cornnion guava is an arborescent shrub or small tree, 
sometimes rising to the height of 9--12 m.,, but usually pnly 3-6111. 
The trunk is slender, and usually divides close to the ground into 
a number of sinuous stems. The outer bark exfoliates in large 
lirittlc flakes or scales, exposing the beautiful smooth, greenish 
brown inner bark. The mottled trunk of the guava is very attrac- 
tive and has distinct ornamental value. The young branches 
are pubescent and four-angled or winged. The leaves are ovate to 
oblong-elliptic, S-iS cm. X 5~7 cm.; apex usually acuminate, 
base rounded; light green, chartaceous, glabrous above, soft 
pubescent beneath. The principal veins are very prominent, 
impressed above and raised below. The petiole is short, 5-7 cm. 
in length. 

The flowers occur on the branches of recent growth; they are 
white, fragrant, and in clusters of one to three on axillary peduncles 
1-2.5 cm, long. The pedicels are about 1,5 cm. long, and bear 
two vsmall, slender bracts at the upper end. The calyx-tube is 
ol)long-ovate, slightly constricted abov^e the ovary. The calyx is 
closed before an thesis, splitting into two to four irregular segments, 
whitish and sparsely hairy within. The petals are broadly oval, 
alx)ut X.5 X I cm., thin, delicate, and white. The stamens are 
erect or spreading, in a broad cluster; filaments i cm. long, 
anthens pale yellow. An abundance of nectar ivS produced. 

Th<? fruit is globose, ovoid or pyriform. It is 7-10 cm. long, 
and weighvS 140-225 g. The rind is somewhat rough, and changes 
in color from dark green to brownish yellow and finally to clear, 
deep yellow. The flesh is whitish, yellowish, or dark pink, usually 
^ the latter, and comprises two regioUvS — an outer layer, just beneath 
the rind, which is firm and finely graniilar; and a more extensive 
inner ipass, of soft, juicy material. The flavor is sweet or some- 
what acid ; the distinctive feature js, the pronounced musky aroma, 
which is very penetrating. This aroma, which is highly developed 
in fully mature fruit of good quality, is very agreeable to some 
people and quite unpleasant to others. The seeds are numerous, 
reniform or 'flattened. ' ^ ' 

^The conim.011 guava is the chief source of the guava jelly of 
commerce. Large quantities,' of guava jelly 'and jani.are'mahu- 
factiired locally,' by the orientals, 'Portuguese', and others." ;' Every 
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little wayside Chinese shop carries a stock of guav'a jelly. An 
excellent grade of jelly is made by the American prt‘serving firms 
for local use and for export to the mainland. [lovv(‘\’er, I lie 
manufacture of guava jelly is not as important an iiuJustiA* in 
Hawaii as it is in many other tropical countries, such as the West 
Indies, South America, and India. “Goiabada” is made and 
sold in large quantities in Brazil; it is a thick guava jam. A 
similar stiff paste is sold in the West Indies and Florida, as “guawi 
cheese.” Guavas are offered for sale in the various local island 
markets, and in Honolulu are peddled from door to door by the 
Portuguese children, who gather the wild fruit. The wide range 
of guavas in the dietary of white people living in the tropics is 
well indicated by reference to standard Honolulu cooklKXiks,* 
where many recipes are given. 

In the Hawaiian Islands the guava is so common as a. weed 
of the roadsides and wastelands that little attention is given to 
its culture. Dependence is placed upon the abundant supply of 
wild fruit, rather than upon planted trees. In India, the West 
Indies, and other countries where this species ivS not so abundant, 
the trees are easily raised from seed. The seedlings are tnins- 
planted when two or three years old, and bear fruit one or two 
years after planting. Occasionally a plant will bear fruit tlie 
second year from seed, but this is unusual. The prolific produc** 
tion of root-sprouts has been mentioned; this habit affords a 
very easy method of propagating the plant. 

The guava is used in parts of India for dyeing. By Ixiiling 
the leaves and bark with certain other |)lants, a Idac'k c'olor is 
obtained, and used for dyeing yarn or cloth. The lea.ves, (ither 
alone or with mango leavCwS, are used by the [)oor(‘r classes for 
tanning. Astringency is a characteristic property of the pla.nl, 
and the roots, leaves and fruits, are utilized medicinally for 
diarrhoea, Scurvy,* and similar ailments. The leaves are com- 
monly used in India in the preparation of poultices. 

Guava wood is whitish or pale yellowish, moderately hard, 
even- and close-grained, and weighs about 42 lbs. to the; cubic foot. 
It works eas ily and. smoothly, and' takes a beautiful' polishc ' In 

=^See, .for ' esjJamjpIe, 'Turner, Jessie ■' C., & Alexander, Agnes, B. .How an awe 
Hawaiian fruits, 30-3.4V . Honolulu. ■ 1910. .v'v,,'': 
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some countries it is used for tools, spear handles, etc., but has no 
special uses of this kind in Hawaii. Here it is of much importance 
us a source of charcoal, and is cut and prepared' by the orientals 
lor this purpose. In excursions across country through the guava 
scrub, one commonly pasvses the little huts and furnaces of the 
charcoal burners and finds the men and women themselves, 
laboriously cutting the saplings, reducing them to proper, length, 
and tending the adobe furnaces.. 

The Mediterranean fruit-fly {Ceratitis capitata), which before 
the introduction of its insect parasites* seriously infested a great 
variety of both native and introduced fruits in Hawaii, was exceed- 
ingly plentiful in the guavas. It attacked all of the local forms, 
but was particularly abundant in the strawberry guava and the 
wai-awi guava. For a number of years, until the introduced 
parasites became effective in their control work, there were com- 
paratively few uninfested guavas in the region of Honolulu and 
its adjacent valleys. An estimate, based upon the examination 
of thousands of fruits in the field during this period, would indicate 
that eighty per cent, of the guavas at any given time were infested 
by the fruit-fly. During the past two years, 1915-16, the infesta- 
tion has not been so serious, owing to a gradual readjustment of 
the pest to control factors. 

The common white mealy bug {FseudococcMS nipae)^ which 
infests the grape, fig, avocado, annonas, etc:, and several species 
of aphids are very common on the guava foliage. Their favorite 
habitats are along the prominent veins, on. both surfaces of the 
leaves. They are most abundant on the older leaves, as the very 
young leaves are quite tomentose. The cottony gueiva scale 
{Pulvinaria psidii)^ and' the pepper- tree scale {Aspidiotus lantanim) 
are^ also ' plentiful on both wHd and cultivated guavas, 'Fuller’s 
rose beetle {Aramigtis fulleri) feeds to a great extent oii' guavas 
on the islands of Molokai and' Hawaii, ■ A. bark 'beetle {Xylehorus 
affinis) is recorded as attacking the wild guavas on Kauai, ^ 'espe- 
cially the, w',ai-awi variety* 

A number, of .fungus diseases occur, on the ,guava, but, none, are 
apparently of, any aerious' detriment to ,the plant. The common 
sooty mold {Meliola Camellme [Catt,|' .Saco.) which„infests" a wide 

*G4lesm sUvesirU kiefer, :DifMnuspifardit$tlv,, and OptUs%Hmilis SUr, 
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variety of plants in Hawaii — banyan, tig, avocado, citrus fruits, 
and others— -is exceedingly pestiferous on lh(^ gua\'a in iriarr}^ 
districts. It coats the foliage and young brandies witli an ugly 
black incrustation and is obviously an inhibiting fador in photo- 
synthesis, transpiration, and respiration.'*' 

The guava fruit-rot is caused by Glomerella Psidii ((b DiT) 
Sheldon, and is more or less common in the West Indies, Florida, 
and California. This fungus is closely related to the most destruc- 
tive apple disease in the United States, namely the bitter-rot 
(G. rufomactilans [Berk.] Spaulding & Van Sch.).t The guava 
fruit- rot first appears as brown decaying spots here and there on 
the rind. These diseased areas are finally covered with masses 
of salmon-pink spores,. As the fungus continues its activity within 
the fruit, the latter gradually rots, and becomes wrinkled aiid 
shrunken. This disease is not prevalent in Hawaii. 

2. The Sweet Red Guava 

This is a variety of the common yellow guava and has the 
general characters of the latter. It requires a more humid haliitat 
and is characteristic of the upper valleys, ravines, and higher 
levels. The flesh is deep pink, and is firm and sweet. This forni 
may be the classical '' pomiferum'' variety. 

3. The White Lemon Guava 
This is a cultivated variety of P. Guajavd, and occurs in a 
number of the island gardems. The shrub, usually grows more 
erect and arborescent in hal')it than do, the others In this grouf). 
The fruit is pyriform (the ''pyriferum'* variety of the literature), 
and, often is three inches in length. The skin is rough and grc^enisli 
.white or yellowish in color. The flesh is white, and (|uite sweet 
in flavor, with a delicate, aroma. This is a choice fruit for catijig 
out of hand, or for serving sliced on the table. 

4. The Wai-awi Guava 

The so-called ''white guava'' was introduced into the islands 
at a very early date and is now abundant. It often occurs far 

* See Webber, H. J. Sooty mold of the oranj?e and its treatment, U. S. Dept* 
Agr. Div. Phys. &: Path. Bull. 13: 1-34. 1897. 

t See Halsted, B. D. Laboratory studies of fruit decays. ' ' N. J, Agr. Expt. 
Sta. Kept X892, 326-330. 
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up in the inoiin tains and ravines, surrounded by indigenous 
vegetation, and giving no hint of its exotic origin. It is quite dis- 
tinct from the common guava, in habit, foliage, and fruit, and un- 
doubtedly deserves specific, or at least siibspecific, rank. It is a 
graceful, symmetrical, tall shrub or tree, with smooth trunk and 
branches, and a handsome crown of very dark green, glossy foliage. 
In favorable situations, where the humidity is sufficient, the 
wai-awi guava attains a height of 6-12 m., although ordinarily it is 
3.5““6 m. The leaves are small, oval, smooth and glossy, and are 
crowded towards the ends of the branches. The sprays of foliage 
are of distinct beauty. The flowers are white and very fragrant. 
The wai-awi guava is a prolific producer of fruit, and bears more 
or less continuously throughout the year. The fruit is small, 
2. 5 ""5 cm. long, ovoid, and thin-skinned. It is rich, clear yellow 
in color, and the flesh is yellow and juicy. This variety does not 
form continuous scrub stands, but grows here and there, as isolated 
individuals or in small clumps. The birds feed eagerly upon its 
fruits and have carried it into nearly all the valleys. 

An interesting feature of the guava in Hawaii is .that numerous 
forms of the endemic and highly prednctive arboreal molluscs 
{AduiH nellidae)^ have migrated onto the guavas. Mcvssrs. J. S. 
and 01 ivx‘r Emenson, who have made large collections of the Hawai- 
ian snails, report that Achatinella pkaezona, A. ftdgens and its 
pliimaia pattern, A, cestus and A. rntila^ all occur in the wai-awi 
guava, in such regions <is Ke-awa-awa, Nitpand Wailupe Valleys. 
On the common guava they have found A. stewartii {adusta pat- 
tern), A» t'urgida, and Auriculella pulchra, the latter lieing ex- 
ceedingly plentiful. The tiomendature is that of Cooke and 
Pilsbry,, 

5. The Guisako Guava 

The gidsaro,F. molle BertoL, ivS also known 'as the sour gidsaro.^ 
or, guayaba acida, ' It is native to Mexico and Central America 
but has been introduced into Florida, and California. Jt was 
introduced into the Hawaiian Islands by Mr. A. Jaeger, and 
specimens .occur in Honolulu gardens. The guisaro is a low- 
growing, slender, straggling .shrub, or small ' tree. , The, '.yo.mig 
!)ranchlets, peduncles, and lower surfaces ofAlie leaves are reddish 
velvety. The leaves are ' pvaPoblong, 7';;5-r2.' cm, long, apex 
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apiciilate, base ohtiKse or shortly a.cu('e; still, diaiiareoiis, 
green, rough or puhcrulent. The pefluru'ies a, re tu'eef ajicl three- 
flowered. The flowens are white and fragrant. 1 Ih‘ iriiit' is 
abundant;, spherical, 2.5 cm. in diameter; the rind is liniwiiish 
green, becoming pale yelhw when mature. The fh^sh is white, 
acid, and inferior in quality and aroma. 'Phis specues is not 
recommended for planting, as its fruits lack the rich flavor ol 
P. Guajava. 

6. The Red Strawbi^rry Guava 

This species, P. CMtkdanum Sabine, is also known as the' 
Chinese guava, or purple guava. It is a native of Jh'a/il and is 
there called araQa de praya. It is one of the hardiest species. 
Within relatively recent years it has l)een introduced into Morida, 
California, and Hawaii. Like the others, it is a shrul) or small 
tree, 5-8 m, high. The bark is smooth and greenish brown; the 
braiichlets are glabrous. The leaves are obovate-elliptic, 6 9 cm. 
long, apex acute, base acute to cuneate; thick and leathery, dark 
green, and glossy. Like the wai-awi giiave, it is in flower and fruit 
almost continuously throughout the year. TIk' pinlimcles are 
axillary and one-flowered; the flowers are white and fragrant. 
The calyx-tube is turbinate, four- to five-lolied; the lolies are 
broadly oblong; petals ol>ovate, thin; style skmder; stigma 
peltate; ovary four-locular. 

The fruit is spherical or ovate, 2.5 3.5 cm. in diameter; rich 

dark purplish or claret red when matuna The skin is v(*ry tliin 
and tender. The flesh is soft, juicy, and melting in tiixture; it is 
reddish next to the skin and white toward tlu'^ center, Tht* fla^vor 
is very fine, acid-sweet, and aromatic, and likened to ttiat of the 
strawberry. It lacks the pungency of P. Gudjam. arc* 

many small, hard seeds. The sugar content of the guava is not 
high. The strawberry guava contains more acid than the other 
varieties but is less acid to 'the taste. 

Although very satisfactory for jellies and jams, the strawberry 
guava is too fragile for shipment as fresh fruit. The Hawaii 
Station* carried on some cold storage experiments, which were 
summarized as follows: 

Wilcox. E, V/, & Huna, C, J. Cold 'storage for tropica! ^ 'fruit*. / Haw.i'Ag'r. 
Exp. Sta, Press Bull. 47 . I' 9 I 4 . ■, ’ A , '/y-' 
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A lew fruits of the strawberry guava (Psidium catileiammi) were placed in cold 
vStoragc ill the 32'^ and 36® F. rooms. ThivS fruit is one of the preferred host plants 
of the fruit fly, and a part of the fruit used in the experiment was infested. The 
fruit was picked in a nearly ripe condition. The strawberry guava is not well 
adapted to cold vStorage. Practically all of the fruit was shriveled and fermented 
or decayed within one month in both the 33° and 36° F. rooms. Mildew developed 
abundantly on the rind and only a few of the fruits kept their normal flavor and 
appearaned more than two weeks. 


Analyvses of various Hawaiian fruits were made by the Hawaii 
Agricultural Experiment Station in 1914, and the guavas were 
reported as follows, the numbers representing percentages: 


Name 

Edible 

portion 

Total solids 

Ash 

Total 

sug'ars 

Fat 

Fiber 

P. Giiajava 

Common 

84.69 

17.78 

.531 

7-38 

.534 

4.445 

White 

Trinidad 

87.76 

80.62 

18.75 

15.43 

.676 

.651 

8.26 

6.34 

.412 
! -353 

5.105 

4.425 

P. CaUleianum 
Chinese 

98. OX 

20.08 

.635 

10.01 

.418 

3.868 

Common. .... 

98.60 

18.27 

I ‘743 

4.46 

.554 

6.146 

Common 

81.16 

23.75 

I ‘755 

5.63 

.790 

1 9-378 


7. The Yellow Strawberry Guava 

This is P, Cattleianum var. hicMum Hort., often listed in the 
trade catalogues as P. lucidunij P. chinense, and P. sinense^ It is 
sometimes called Chinese guava. It is occasionally cultivated in 
the Hawaiian Islands, but is not common, and does not occur 
wiki It is a low -growing shrub, with obovate leaves, white 
flowers, and fruit spherical, 3““3‘5 cm. in diameter, and deep 
sulfur yellow in color. The flesh is .sweet, yellow, and more 
delicately flavored, than that of the species.' 

There are several other species of guava that are of horti- 
cultural importance in other parts of the world; but mot occurring 
in the Hawaiian Islands. P. Friedrichsthaliamm (Berg) Niedenzu, 
is a well-known Costa Rican species; P. Araga Raddi grows on the 
dry uplands of Brazil ; and P. monkmum Swartz is native to the' 
mountains of Jamaica. The sorcalled 'black', guava, is Gmttdfda 
(ifgmka LamM a rubiaceoua Jamaican tree, bearing black, globose 
fleshy fruits. The ''Chilean , guava is 'a myrtaceous' shrub ,Qf 
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Chile (Mytius Ugni MoYuvn), }--2 in. liig’h, wills <l.'srk sliiii- 

ing, ovate leaves, white tlowers, and editsle, a.roni;'i|je lierries. 
The '‘pine-apple giunai” of California is Feijaa Sellinviafui iierg, a 
South American myrtaceous plant, which resenihles the I nH‘ giia.va.s 
in growth and fruit. 

College of Hawaii, 

Honolulu 



A new Lejunea from Bermuda and the West Indies* 

Alexander W. Evans 
(with plate 24 ) 

The species described below is not uncommon in the West 
Indies and is perhaps to be expected in Florida and Mexico, It 
seems to be most abundant at low altitudes, without being strictly 
coastal in its distribution. The material at first examined, which 
was scanty and incomplete, was confused with L. glaucescens 
(iottsche, and some of the Bermuda specimens have been listed 
under this name by the writer.f More abundant material has 
since l)een available and has shown conclusively that the species 
is amply distinct. 


Lejeunea minutiloba sp. nov. 

Pale or dull green, often somewhat brownish with age, scattered 
or growing in depressed mats: stems about o.i mm. in diameter, 
copiously and irregularly branched, the branches obliquely to 
widely spreading, often with slightly smaller leaves than the stem 
but not microphyllous: leaves contiguous to loosely imbricated, 
the lobe widely vspreading, slightly falcate, plane or slightly con- 
cave, liroadly ovate, when well developed about 0.5 mm. long and 
045 mm. wide, dorsal margin usually arching partially or wholly 
across tiie axis, then strongly outwardly curved to the broad and 
rounded apex, ventral margin straight or sliglitly outwardly 
curved, margin entire or vaguely and minutely crenulatc from 
projecting cells; lobule 'in the form of a minute triangular l;)asal 
fold, 'Consisting of only a few cells, the apex represented by a 
singlet projecting celb tipped with , a hyaline papilla; cells of lobe 
averaging about 13 /.t in diameter at the margin and 25 X 20 fx in 
the median and l:)asal portions, thin-walled but with minute 
trigones 'and occasional intermediate thickenings, cuticle smooth: 
underleaves distant, orbicular, aliout 0.2 long, bifid' about one 
half with erect, triangular, .acute, obtuse or rounded diviwsions, 
rounded at the base,„margin as in the leaves: inflorescence autoi- 

Contri’bution. from tlie Osborn Bdtatiical Laboratory, 
t Bull TO'rrey'Club 33: 'V, 
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cons: 9 inrtorescencc sometimes borne on a leading !)rain‘lv some- 
times on a more or less abbreviated l'>ra,n('l'n iiiiHJ\"'af on one 
side, the innovation sometimes sterile, sonietmnes with a second 
9 inflorescence; bracts oblkiuely s[)reading‘, va^rying' in 

size, distinctly complicate, lobe oblong to ol)ova,ic, when well 
developed about 045 mm. long and 0.3 nun. wide but ollen con- 
siderably smaller, margin as in the leaves, lobule ligiilabn rouiidtMl 
at the apex, about 0.16 mm. long and 0.06 riun. wide; bractt^ole 
mostly obovate, about 0.4 inm. long and 0.25 nnn. wide, bilid one 
third or a little more with erect, acute, obtuse, or roundiil divisions, 
margin as in the leaves; perianth ohovoid, when well (l(:‘velo|)ed 
about 0.5 mm. long and 0.35 mm. wide, terete in the lowa^r lialf, 
distinctly five-keeled above, narrowed towaird the l)asc, truncate 
or slightly retiise at the apex and with a vshort but distinct l)eak: 
cf inflorescence usually occupying a short l)ranch and not fn'olifer*” 
ating, bracts closely imbricated, in two or three |)aii‘s, strongly 
inflated, shortly bifid wdth a creniilatc, strongly arclied kee! and 
rounded di^dsions; bracteole usually single at bas(‘ of inflores- 
cence, smaller than the imderleaves, bifid: capsuU^ about 0.2 mim 
in diameter, 

Bermuda: on rocks and stones, Church Caw and viednit}', 
July, 1900, Af. A, Howe 7; February, 1908, .V. Brown 
September, 19x2, E. G, Britton 1088; on roc'ks and stomvs, Wal- 
singham, June, 1900, i/, A. Jlotve j; Septemlxer, 1905^ E. (!, 
Britton 2S6; gully, Tuckerstown, September, 1905, 'E, G, Britfan 
February, 1908, S. Brown 516; on bark and roots, Al)bott s 
Cliiff, September, I9'X2 and X9i3, E. G, Briikm 888, gjt, (in 
part), pjj, 186'/; on bark, wdthout definite iocality, U)o8, A. 
Brown 55 

Cuba: in a, ravine and on roots' of royal |■)aJm, Smi I mis, 
Orien'te, April, 1909, A. L. Briikm 2327, 2J2(); on shadetl limestone, 
Tropical Park, Puentes, Grandes, Havana, August,, 1911, Brother 
Leon 27jp. 

Porto Rico: on trunk of a tree, near Rio f'fiedras, January, 
1899, Mr, & Mrs, A. A, Heller 147; near Bayamon, July, 1901, 
Underwood & Griggs vicinity of Coamo Springs, .March, 1906, 
M, A, Howe ij7J; on bark' and on earth, Lares, to San Selxtstian^ 
April,' 1913, Britton & Marble zjgg, 2800; at base of tree, wicinity 
of Ponce, March, 1913, Britton & Shafer 1747; on bark, Canda- 
laria, near Bayamon, February, r9t4p'iS.,G. Briiton 7521, 

, St. Thomasc on^banks’and stones, St Peter, February, 19,13,' 
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BriUou (k Marble 1251, 1254, 1 ^ 55 ; on stones, Crown, February, 
1913, Britton of Afarble 1365, 

No. 1365 from St. Thomas may be designated the type; a 
slight admixture of A. pililoba Spruce is present. 

In the genus Lejeunea the lobule when ' typically developed 
consists of an inflated Scic, ovate in outline, more or Icvss involute 
along the free margin, and tipped by a single projecting cell with a 
hyaline papilla at its proximal base. The same general type of 
lobule is found in several other genera of the Lejeuneae, such as 
Rectolejeimea, Ceratolejeunea^ and Crossotolejeunea, Unfortu- 
nately, in certain species of Lejeunea, the lobule often fails to show 
its typical structure and appears reduced in size or otherwise 
variously modified. In some cases a prolonged search may be 
necessary before inflated lobules can be demonstrated at all, and 
it is not unusual for poorly developed lobules to be aswsociated with 
plants bearing perianths. In the species here proposed as new no 
inflated lobules whatever have been seen, although many plants, 
both with and without perianths, have been examined. The 
lobule in all cases observed has been in the form of a minute basal 
fold, consisting of only a few cells. It seems safe to assume, 
therefore, that lobules of this reduced type represent a constant 
feature of the species. 

With respect to size, the leaves, perichaetial bracts and per- 
ianths of A. miniitiloba exhibit a considerable range of variation, 
and on slender stems and branches the leaves may be scarcely 
half as large as on roliust stems. The small bracts and perianths 
are associated especially with, short female branches, ' the siz^e 
varying approximately with the length of the branch. The small- 
est bracts and perianths, therefore, are usually to be found on 
branches which bear' a single vegetative leaf in addition to the 
bracts. The underleaves and bracteoles are much ' less subject 
to variation in size than the leaves and bracts; they vary markedly, 
however, in the character of their apices. These are sometimes 
acute or even apiculate, sometimes obtuse, and sometimes broadly 
'rounded. 

Among\ related species it will , be, sufficient to' "mention" i. 
florUam ' Evans; and i. ■ glaucescms Gottsch'e. 'y.The/firs't, is /still 
; known' from Florida, ''only,' but'./'the second 'is widely'^'.di'stributed in 
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tropical and vSijl)tr()pical America. Both speci(,\s an* sunnavliat 
larger than L. niiniili folia, the leaves being' nl ten 0.7 iinii. in kiigllu 
but they agree with it in inflorcvsceiu'c' and, in ha.v!ng small or- 
bicular iinderleaves. In both species, however, the lo!)uk‘s a,n.^ 
frequently inflated and conform clOvSely to the usual Lejeiinea t:yr)i‘. 
L. flofidana is further distinguished l)y its much larger ixaac’haetia! 
bracts (often 0.8 mm. in length), by its more shortly bitid undm,*- 
leaves and bracteole, and by the ('renulate keels of: its perianth, 
projecting upward a^s horns. In L. i^laure.scens, the bracts afiproxi- 
mate those of L. mimitifolia in size but the lolnikts arc? usually 
d i sti nc tly poin ted . 

Sheffield Scientific School, 

Yale University 


IvacpIaiiatiOM of plato 
Lejeunea MiNCTiLOBA Evans 

The figures were drawn by the wniter from the type spec'imen and pnjpauH} for 
publication by Mr. H. D. .Rhyncdance. 

FiC. 1 . Part of plant with two perianths, ventral viinv (male iiUlort'semice not 
shown), X 45 * 

Fig. 2. Lobule of a stem leaf, X 250. 

Fig. 3. Cells from the apex of a lobe, X 335- 
Fig. 4. Cells from the middle of a lolx^, X 335. 

Fig. 5. Underlcaf, X 1 10. 

Figs. 6 -8, Bracts and bracteole from a single involucre, X 55. 

Figs, g-n. Bracts ami Inacteide from a s<‘coud involucre, X 5.5* 

Figs. 12 -14. Bracts ami bracteoh* from a third iiivolU('n% X 55. 

Fig. i.s. Bracteole from a fourtliinvolucri-, X 55. 

F'lG. 16. Lobule of a perichaetial bract, X 250. 

Figs, .17 -20. Apices (>f varunis l,)racteole“(Iivisions, X no. 

Fig’. 21. Transverse section of a perianth in uiJptTfomih, X 55. 
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Introduction 

So far as I have been able to fiiicl, the only previoiLsl}^ pub- 
lisheci (lescri{:>tioii of the enil)ryo-*sac or embryo of Phaseolus is l)y 
GiiiM'nanl (1881), who studied ■ forty species of Legiiminosaei 
among them Phaseolus mtiUtflonis. In this species lie foimd that 
an axial row of but three niacrospores' is formed. The iiHieniiost 
cell of this row by three successive nuclear divisions forms the 
embryo-saCj which is typical in every respect; tlie aiitipodals are 
ephcnierah Tlie first divisi<,)ii of the egg ivS transverse, and occnrvS 
at the same time tliat the primary endosperm nucleus divides. 
A pro-emI::)ryc) of tliree cells is formed, the terminal' one of which 
develo|)sdnto tlie embryo; the other, cells form the suspeiisor* 
Divisions follow until an embryo' is formed at tlie a.pex of a fila- 
mentous siispensor, whicli is two. cells in tliickneSvS' and whose 
basal cells are conspicuously swollen. 

Ill the present study diuds, pistils, and developing fruits were 
obtained fro.m the following varieties of Phaseolus vtd^aHss David. 
Kidney,*^ “Longfellow,^' “Pole/' and “Kidney Wax,’^ plants of 
which were'' grown in, the greenhouse during the fall and winter 
of i9i4"*T5 and 1915--16, and “'WardwelFs Wax/' ' grown in the 
[Tills Bvllbtxr lor No?eml»er ( 44 : S0^‘*S34"* waa lwu^4 20 , ipiyl 
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garden during tlie slimmer of 1915. .’Material was collected from 
tlie time the buds began to appear until the fruits were fully 
grcjwri . 

The very young buds were placed in the fixing fluids intact,; 
the floral envelopes were removed from the larger buds and flowers 
to insure penetration of the fixing fluids. For the same reason 
the pods were cut into pieces, and in the case of the older pods the 
seeds were picked out and placed separately in tlip fixing 
solutions. Flemming’s solutions, medium and strong; i per 
cent, chrom-acelic add, JueFs fluid and Carnoy’s fluid w^ere used 
as fixatives. The best preparations showing the development of 
the macrospores and the embrjm-sac wmre obtained from material 
fixed in Flemming’s medium solution and in chrom-acetic acid. 
JiieFs and CarnoAds fluids gave best results in the fixation of 
embr^ms. • ■ ' 

Loiigitiiclinal sections of these various structures w^ere cut from 
five to twelve microns in thickness. Flemming’s triple stain, 
Heidenhain’s iron-alum haematoxylin, and a combination of the 
latter with Lichtgrtln were used. 

I have found no differences between any of the varieties used, 
so 'far as the, history of the embryo-sac and the embryo are con- 
cerned; the description w^hich follow^s applies ec|ually, therefore, 
to all the varieties named. 

The macrospores and the embryo-sac 
In the varieties of Phaseolus milgaris studied, from two to 
seven ovules are borne in an apparently single ro'w upon the 
adherent edges of the carpel. When first formed the ovules are 
orthotropous, but as growth proceeds they become recurved and 
are campylotropous w^hen mature. 

The two integuments, w^hen fully growm, surround the ovule 
on all skies, but are slightly shorter on the side toward the placenta. 

. They grow rapidly and by the time that the macrospore mother, 
, cell is fully growm the, outer integument has reached almost to the 
apex of the ovule,, the inner one being at this time about tW'O 
thirds the length of the outer integument. 

A hypodermal cell in the axial toW' of the nucellus becomo,3 
larger than^ the surrounding cells and stands, out Conspicuously 
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aiiirin.ii;" them ('r^LA'TF, 25^ F'k;. 1). 'Tliis cell is typically five-sicled 
ill section; it contains a very iari»'e nucleus and stains more deeply 
tiiaii tlK‘ arljaceiil evils* At a later stage the young rnacrospore 
niotlier cell is sc'parated from the cpidennal layer by another layer 
of cc‘lls (Fico 4). Still later, when the niacrospore mother cell is 
fully grown, tiK*re are often twv layers’of cells between it a.nd the 
epirlerniis (Fic;. 5); this is not alwa^-^s the case, however, for not 
in free] lien tly the elongated macrospore mother cell is in the third 
instead of the fourth kpyer of cells. No division figures were seen 
either in tlie first dilTercn tinted hypodermal cell or in the cells of 
tl'ie efiidermal hpaua For this reason, I have been unable to 
determine whether the hypodermal cell that is early distinguished 
by its size itself fimcl ions as the rnacrospore mother cell, or whether, 
on tlie ot:lier hand, tliis hy|,)oclermal cell divides, one of its daughter 
cells l)ecomiiig tJie rnacrospore mother cell. On the whole, the 
arraiigemtM'i t of the suliepidermal la3a"‘rs at the later stages (FiG. 
5) su|.)ports rather more strongly the former hypothesis. Prepara- 
tions were ol)t"aiiK^d in which tlierc were wliat seemed to be two 
young rnacrospore mother cells in an axia .1 row (Fun 3); anotlier 
preparation sliowed two young mother cells lying side by side, 
and in one case two fully growm mother cells kiy side by side. In 
no c%rise, liowever, was the further devt^lopment of more than one 
ii'iacrosporc mother cel b observed. 

The fully grown ma('ros|:)(.>re mother cell is about three times 
as long as wide (h'n*. 6); its niu'leus is near the rnicropylar end of 
the cell; tlie c'luihizal end is nsualty pointed (Fica 6), lint in some 
'casc‘s quite rounded (Fig. 7). I'lie nucleus remains in the micro- 
pylar end of tlie cell during the pimphases of the ensuing division. 
Fig. 7 show-'s tlie nucleus in synapsis. One jireparatioii was ob- 
tained showing' the heterotypic division; the spindle lies approxi- 
mately ill the center of the cell (Fig. 8). ' One of tlie two 'daughter 
cells formed by this division fails' to undergo a second, division, 
since, so, far as my preparations show, a rowyif but three inacro-^ 
spores iS'formed (Fig. 9). Ciuignard (1881) reported theiormatioii 
" of but three, macrospores in Phaseolus nmUifioms but did nob deter- 
mine:, which of the two daughter cells, formed from thexlivision,'of' 
'the rao,'ther 'cell, fails t(> divide,;, he also:'fouhd''a case/in' whi'Gh''a"I,opgb 


tucHnal division; took' place 


in.' ■c)n.e;,0'f the : f uhctionless macrosporca ; 
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the innermost macrospore at the chalazal end develops into the 
•embryo-sac, and I find the same thing true in Phaseolus imlgaris. 
In other Legumiiiosae, according to Guignard, two, three, or four 
iiiacrospores be formed and either the innermost spore or the 
one next it may develop into the embryo-sac. Saxton (1907) 
finds ill Cassia lomentosa a deeply biuded macrospore mother cel! 
whose division forms a row of four macrOvSpores, of which the 
one next to the innermost produces the embryo-sac. However^ 
according to A’lartiii (1914), in Medicago satim, Vida americana^ 
and several species of Trifolium examined by him, an axial row 
of four macrospores is formed. 

The functional macrospore becomes several times as long as 
wide before its nucleus divides (Plate 26, fig. ii). The two 
outer macrospores degenerate rapidly, and by the time that the 
developing macrospore reaches the binucleate stage they have 
usually disappeared entirely. 

After the first nuclear division in the functional macrospore, 
the two daughter nuclei pass to the respective ends of the sac 
(Fig. 12), and a large vacuole appears between them. After the 
second nuclear division each end of the developing ' macrospore 
■contains a pair of nuclei (Fig. 13). The nuclei at the micropylar 
■end usually remain close together, those at the chalazal end being 
further apart. After the third division, a group of four nuclei is 
.seen at each end of the cmbr^m-sac. 

The polar nuclei begin their migration very soon after the com- 
pletion of the last nuclear division. Cell division ensues, resulting 
in the formation of a typical seven-celled embryo-sac (Fig. 14). 
The egg apparatus presents the usual appearance; tlie polar nuclei 
lie a short distance away from the egg apparatus in the median line ; 
at the stage shown in Fig. 14 they have not yet begun to fuse. 
The antipodal cells are typically triangular im section, and their 
nuclei are smaller than the other nuclei of the sac. A large vac- 
uole is characteristic of the embryo-sac at this stage, lying between 
the polar nuclei and the antipodal cells. This development seems 
to agiee, except in minor details, with that of other Leguininosac 
that have been investigated. Saxton .(1907) found an absorptive 
tissue derived from the antipodal ' cells in Cassia tomentosa; 
Hofiiieister (1858) failed to find antipodal cells in the members 
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of the family studied hyhini; lle^gRlrnaier (i8(So) oil-so, did not see 
tlit‘ aiiiij'iodaJ cells and seems to have, confused endosperm cells 
\yilli the egg a|')f)a,ra,f us; according to Guignard (i:88i,) the antipo- 
dal cells cd‘ Phaseoliis niulti floras are e[)liejncral; and vStrasbiirger 
(i8So) found ll'uit the same is true of the antipodal cells of four 
species of Liiphitis. 

Tlic (.\gg grows a.fter its fonnafion (Plate 25, fig, 10) and 
becomes long mid liroad at the Lxese so that it projects into tlie 
embryo-sac be 3 'orid the synergids (Platf: 26 j fig. 15). The egg 
iiiicleiis liecoiiies larger and a large vacuole appears in the cyto- 
plasm toward the micropylar end of the egg. The synergids 
develop a distinct filiform apparatus (Fig. 15) whose striatioiis 
arise from tlie neighliorhood of a vacuole at the broader end of 
each synergid. .Martin, (1914) described a filiform apparatus in 
TrifoVmm pnilemc^ but with irioixi conspicuous striatioiis than 
those which I have oliserved in Phciseolus Tlie vSyner- 

gids change from a pear-shaped to a more narrow tapering form. 
After fertilization the synergids disintegrate and entirely disappear. 

Tlie polar miclei come' to lie close together just below the egg 
(Fig. 14)' and remain in this position for some time. Before fer- 
tilization, however, they come into close contact with each (.itlier 
and begin to fuse (Fig, 16), but it is ciuite iiossible that their fusion 
may not tie completed before the male nuclei enter the sac and one 
of tlie latter fuses wit:h the polar nuclei. 

In one preiiaration a pollen tube was seen entering thc! embryo- 
sac, It grows througli the micropyle and pushes into tlie embryo- 
sac between tlie cells wliich form a sheath around the niicroiiylar 
end of l;lie sa,c, 

Tlie s'uicelliis is gradually absorbed during the development of 
the ei:nl:)ryo-Bac, and when the latter is mature tlie micellar tissue 
entirely disappears from tlie micropylar end and from the sides® 
leaving thcvse parts of the sac in immediate contact with the inner 
iiitegimient; at the chalazal end of the sac, however, the'nucellar 
tissue persists, its cells grow larger and become arranged in quite 
definite rows which seem to diverge from 'the point where the 
integuments arise from the nucellus. 'This tissue persists until, 
latq iii4:he history of the embryo-saepit is finally absorbed.'. Ac-' 
cording 'to, Hegolmaicr' (1880), the nucellusin the' ovule, of Lupinm 



540 Brown: Embryo-sac and KiiBRMj jn Phaseolus 

is entirely absorbed after fertilizcitioii ; Ward (iS8i) notes tbe 
deliquescence of the cells surrounding the embryo-sac of Lupin as 
venustus; and J\Iartiii (1914) made similar ol)servatioiis on Medi-- 
ca^^o saika, Vicia americaita, and several species oi Lupinus. 

The embryo 

The first division of the fertilized egg is transverse (Fig, 18); 
the basal one of the two cells so formed typically encloses a large 
vacuole. The next division occurs in this basal cell and is trans- 
verse (Fig. 19), so that a filamentous pro-embryo of three cells is 
invariably formed (Fig. no). The third division is a longitudinal 
one (Fig, 21), in the terminal cell; it is quickly followed by longi- 
tudinal divisions in the other two cells of the pro-embryo? which 
are to give rise to the suspensor (Fig. 22). Divisions may now 
occur in the longitudinal plane perpendicular to that just described^ 
or the divisions in the second longitudinal plane may be pre- 
ceded by several transverse divisions. The embryo then consists 
of 'four rows of seven or eight cells each (Fig. 23); and the basal 
cells have begun to show evidences of swelling. 

Division now ceases except in the cells at the distal end of the 
embryo. Anticlinal walls are put in (Fig. 24, a) in the cells of the 
terminal tier, Periclinal walls are next formed, cutting off an 
outer layer of cells, the dermatogen (Phc. 26). In Medicago 
satim, Vida amerkana, and several species of TrifoHum, Martin 
(1914) observed that the dermatogen is cut off later than the 
octant stage: Guignard (i88i) also found this true in his work on 
Phaseolus multifloms. When the embryo is about six or seven cells 
in length (Fig. 24) , the four basal cells of the suspensor 1 iccome swol- 
len and turgid and much elongated; later the next tier of four cells 
above them also undergo like changes (Fig. 25). The swollen 
cells at the base of the suspensor continue to grow in length and 
retain their inflated appearance until late in the history of the 
embryo; but when the embryo has grown so as almost to fill the 
cavity of the sac, its growth seems to cause a compression of the 
basal cells and they become flattened in the micropylar end of the 
embryo-sac (Fig. 27). Swollen suspensor cells occur in other 
members of the Leguminosae; Hegelmaier (1880) reported such 
cells in the embryo of Lupinus, but in this case the cells were 
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iTiiil tinocle:iB.^ ; Sl:ravsl)urR,-er (1880) f 4 )servec;l swollen suspeosor 
cells in Lupinus^ which, in vsoirie luvSlaiices sliow a, tendency to 
se|Kiraf,e from one another. Guignard (iBSt) also reported the 
o(A:iirreric(^ of inflat;cd cedis wliich are niiiltiniiclcate io Orobus 
iiureus, 0. angiislifoluis^ and Pisimt sativum, and suspeosor cells 
wlijcli beco'iiic sepa, rated fro.ni one anotlier in Lupinus polyphylkis. 
Martin (191:4) observed instances in his studies in which the siis- 
pensor cells retained their normal 'a|,)pearancc and also cases in 
whicfi the inodilications which were iioted by other investigators 
occurred. 

,At tlic time of the differentiation of th,e dermatogen, the 
bryo proper is almost ovoid in shape (Fig. 26); it retains this form 
as it increases in size until the appearance of the cotyledons. 
(h)tyledon development begins later than the stage shown in 
Figure 26; but none of my preparations show satisfactorily the first 
stages in this development because the pla,ne of the union of the 
cotyledons is parallel to the fiat side of the ovule, and the eml)ryo 
lies curvaid in the micropylar end of the emf)ryO“vSac. The embryo 
cc:>ntiniies to grow at the expemse of 'the endosperm and of the 
cushion of micellar tissue at the chalazal end of tlie cmbryo«sac. 
The nucellus is absorbed, and liy^ the time tlie embryo 'is mature 
the endos|,)erm also has entirely disappeared. 

The endosperm 

The division of the primary endosperm nucleus as a rule |,)re- 
tedt^s that of the fcr!,ilized (*gg ('F:ig. 17), altliough om preparation 
sliowed the egg nucleus and t:lie primar}^ endos,pcrrn ni!(,:leus divid- 
i,ng simultaneously* In Phascolus muUiJkr^ Guiguard (1881) 
found that the division rif the egg, nucleus and that of the primary' 
endosperm nucleus occur at the same time; Strasburger (1880) 
oliserved the simultaneous (,ii vision of these two nuclei in,' Lupinus; 
but 'Martin (:!9i4) found that the first division of th,e fertilized 
egg is usually preceded by the first division of ,tlie primary' endo- 
sperm nucleus. ' 

The ' endosperm, nuclei' i-esulting from the first two, divisions 
a,rrange 'themselves 'in the periphery ' of the „embryo*-sacl yUsiialiy 
tto'Ofthem' 'Uro to be ' seen, near 'the. young embryo,, , one 'Ott,,:.eitber 
'side,'', of 'it,.'", ,;.The later.' nuclear,,, divisions' 'are '',n'Ot' al#fiys.„'S!;.multa'- 
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iieoiis/for in several instances both resting nuclei and iiiiclei in tlie 
various stages of division are to be seen distributed from oiic^ enci 
of the sac to the other (Fig. 28); but the order of their arrange- 
ment was not identical in the different sacs observed. 

The endosperm remains in the ^ form of a peripheral hiyer in, 
the embryo-sac until its final absorption by the growing embryo; 
it is typicall}^ thicker around the embryo than in other regions of 
the sac. After the differentiation of the derma togen, cell division 
occurs in that part of the endosperm which immediately surrounds 
the embryo itself. Each nucleus in this part of the endosperm is 
surrounded by a veiy’ definite cell wall; the cells so fornied, how- 
ever^ do not form a compact mass but lie isolated in the undivided 
cytoplasm (Fig. 29). 'These cells do not persist but are soon ab- 
sorbed, and all traces of the endosperm have entirely disappeared 
by the time of the maturity of the seed* 

Summary 

1 . A large hypodermal cell is early differentiated in the ovule ; 
this either functions as the macrospore mother cell or possibly 
divides once, one of its daughter cells being the macrospore mother 
cell. 

2. The fully grown macrospore mother cell lies in either the 
third or fourth layer from the microp^dar end of the nucellus. 

3. An axial row of three macrospores is formed, the innermost 
of which develops into the embryo-sac, 

4. The nucellus is entirely destroyed at the micropylar end 
and along the sides by the development of the' embryo-sac; the 
nucellar tissue at the base of the sac takes on a peculiar structure 
and persists lor some time, but finally is itself gradually absorbed 
by the embiym-sac. 

5. The polar nuclei begin to approach each other soon after 
the eight-nucleate stage of the embryo-sac is reached and remain 
close together for some, time just below the egg; then their fusion 
takes place. , 

6. The three antipodal cells disappear at about the time of 
fertilization. 

7. The synergids form a, conspicuous filiform apparatus. 

8 * The pro-embryo consists , of a,fiIament'of'%ee cells; the 
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twD l)as:.il r(,‘lls iVniD the suspensor and tlie terminal eel! develops 
into the ernhrv'o |>n)per. 

9. I1ie derninl:oi»iai is cut off when lh('‘ embryo profxa' consists 
of iil,>()!it six.ieen cells. When the suspensor c.onsists of four rows 
of about seven or eight cells cxich, the two tiers of cells at its l)ase 
ber'ome swollen iind (‘onspicuoiisly elongated. 

10. Tlie prira<iry endosf)enn nticleus usually divides before 
the .first divisioji of the egg; two of the daughter nuclei resulting 
fiTstn the first two divisions place themselves on. either side of the 
young embryo; and in succeeding divisions the eiidospenn nuclei 
place tliemsclves in the peripheral region of the embryo-sac. 

It. Tiie divisions of the endosperm nuclei may be siinulta- 
neniiSj or nuclei in all stages of division may be found at the same 
time, from rCvStjiig .nuclei at one end of the endosperm to late 
telo|) 1 iases at tlie op|)osite end. 

12. Endosperm ct^lls are formed in the region immediately 
aljoiit tlie eniltryo, Ijut are later absorbed. 

I wish to express my sincere appreciation to Dr. C. E. Allen, 
wdio sug'gested tliis work and under wdiose supervision it was done, 
UxivERsrrv of Wisconsxn 
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Kxplaiiatiosi of 2 ;S aitcl 26 

All drawings were made with an Abbe camera lucida at table IcvcL Leitz oculars 
and objectives were used: Figs. t. 2, 6-10. I4“‘20, 22, with ocular 4. oil immersion 
objective 1/16, tube length 222 mm. (X 2,475); Figs. 4, s, 11-13, 21, 23, 25, with 
ocular 4, oil immersion objective 1/16, tube iengtli 170 mm. (X i, 74 o )5 Figs. 24, 26, 
2S, with ocular 3, oil immersion objective 1/16, tube length 170 mm. (X IkS3o); Fig. 
3, With ocular i, oil immersion objective 1/16, tube length 140 mm. ( X 9^)6); FiG. 27, 
with ocular 3, objective 3, tube length 170 mm. (X 170); Fig, 29, with ocular 3, 
oil immersion objective 1/16, tube length 140 mm, (XS7o)- The drawings c3n 
Plate 25 have been reduced one half in repi'oduction; those on Plate 26, two thirds# 

Plate 25 

Fig. I. Young nucellus showing enlarged hypodermal cell. 

Fig. 2. Young niacrospore mother cell. 

Fig. 3. Nucellus showing two macrospore mother cells in an axial row. 

Fig. 4. Nucellus showing the position of the young macrospore mother cell 
represented on a larger scale in Fig. 2. 

Fig. 5. Nucellus showing two layers of cells between the epidermal layei' and 
the luacrospore mother cell. 

Fig. 6. Fully grown macrospore mother cell. 

Fig. 7. Macrospore mother cell with nucleus in synapsis. 

Fig. 8. Macrospore mother cell with nucleus in division. 

Fig. 9. Row of three macrospores; the two upper ones are degenerating, the 
tliird has enlarged and will develop into the embryo-sac. 

Fig. 10. Mature egg, 

Plate 26 

Fig. II. Functional macrospore with the two degenerating macrospores tying 
above it in the nucellus. 

Fig. 12. Binucleate embryo-sac. 

Fig. 13. A four-nucleate embryo-sac. 

Fig. 14. A mature embryo-sac. ' 

Fig. 15. Egg and synergids showing iiliform apparatus. 

Fig. 16. Polar nuclei fusing. 

Fig. 17* An egg and two endosperm nuclei. 

Fig. 18. A two-celled pro-embryo. 

P'ro. 19. The second division in the pro-embryo. 

Fig. 20. A three-oelied pro-embryo. 

Fig. 21. The terminal cell of the pro-embryo has divided longitudinally. 

Fig. 22. An embryo consisting of six cells. 

Fig. 23. . An embryo after further transverse divisions have occurred; the basal 
cells are ' enlarging. 

Fig. 24. An embryo showing anticlinal walls in the terminal cells. 

Fig. 2$. Periclinal walls ‘in the embryo proper. ' 

.Fig. 26. An older embryo showing suspensor with no distinct demarcation 
between it and the embryo proper. 

Fig. 27, Embryo showing .cotyledon, hypocotyl, and epicotyl. The basal 
cells are compressed against the integument, ■ 

■ Fig, ^28. End O'Sperm nuclei dividing.' ’ ' 

Fig. 29. ' Endosperm cells formed in the region of the embryo, ' ' 



Hawaiian trees — a criticism 


J().SK!‘n F, Rock 

III the Man'll miniher of the BnUefm of the Torrey Botanical 
Club for 191:7 (44: I45“-I57), there appeared a paper by Vaughan 
MacCaughey, entitled “An annotated list of the forest trees of the 
Hawaiian Arcliifielagod’ Tlie paper, which the author describes 
as the first ^^coinpreliensive and concivse check list’* of the Hawaiian 
forest trees, is by no means exhaustive. The nomenclature has 
apparently been copied in its entirety from my book on the indig- 
enoiis trees of the Hawaiian Lslands, published in 1913, and cer- 
tain more recent articles on critical families, in which species from 
the ivslands arc described, arc not considered. 

That the aiUhorV knowledge of Hawaiian plants is incomplete 
is (evidenced by his' remarks under Pritchanlia, where he states, 
'Tlicre are at least two well-defined species, Jb Gatidichandn H. 
WendL and P. Martii 1 :*L Wendl/* These two species are not at 
all well defined. Their types, in fact, which Dr. Beccari and I 
have extiniiiied in the Welib herbarium at Florence, Italy, consist 
of immature leaf specimens only, and their piililished descriptions 
arc <'*x'tTemely mcag'cr. Neither of the two species has been col- 
lected a^gaiii in a wild state since its original discovery, and of 
P. Gaudichmidii no cultivated .specimen's are extant. It w’*as sup- 
posed to have l)ee;n :foiind on a rock islet o:ff the wind;ward coiist of 
M.oIoka;i, not far from the leper colony. Nine other species of 
PrikhemUa^ however, arc now known from fhe Hawrdian I'slaiids, 
Theses s|:)ecies are <:dl well defined and are all represented by com- 
plete livin,g and Iierbarium material. An extensive piiblicatidii 
by Beccari,* in which full descriptions may l;>e found, seems to be. 
imkiiowii to the author, 

.Besides the works dealing with .PrUchardia, there. are several 
other instances of 'unfamiliarity with the recent literatures which 
.might be cited. Heimerrs paper 0,0 certain genera' pf. :'the' Nyctag- 

Cotxtrihuto alia conosceitssa delle Palme* 4 » rprsf 

Set*' also 'llock, J. F„.A species of '.BulL 

T/* n 191(5*'',,. 'b' 
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iiiaceae* Is a case in poiol:. In this work the Hawaiian, repre- 
sentatives of the family are coiiipletel)" re\‘ise(I, and the ycniis 
Pisonia, of which MacCaiighey lists three species, is no longer 
recognized as occurring in the Hawaiian Archipelago, one specters 
Ijeing made the type of the new genus Rochia and the other two 
being transferred to the genus Calpidia> Martelli's piililications 
on the Pandanaceaej in which species from the Hawaiian Islands 
are described, Loesener’s work on the Aqiiifoliaceac,:!: in wliicli 
the s3monymy of the Hawniiaii species of Ilex is revised, and my 
own paper on the Santalaceae§ are also completely ignored. 

To my mind a check list is of doubtful value unless brought up 
to date. The copying and publishing of names without proper 
revision and study is certainly not desirable. 

College of Hawaii, 

Honolulu 

** Die Nytaginaceen-Gattungen Calpidia unci Rockia. OcvSterr. Bot. Zeitachr. 
63: 279-290, 1913. 

t Enumerazione delle Pandaiiaceae. Webfaia 3: 307-327. 1910; 4: x-105, 
pL I9i3« He specie e varieta nuove di '*Fandanus” menzioiiate nella enu- 

merazione delle Pandanaceae. Ibid. 4: 399-435. pi. 18-43. 1914. 

*1 Monografia Aquifoliacearum — I. Nova Acta Acad. Leop.-Carol, 78. 190X. 

§ The sandalwoods of Hawaii. A revision of the Hawaiian species of the genus 
Sanialum. Hawaii Board Agr. & Forest. Bot. Bull. 3: 1-43. pi 1-13. 1916, 



The botanical work of Ezra Michener 


C, 'L. SI.H5AK AN'i.> Nbil Stevens 

Th<-3 repiita/don of a f)ot-a,nist depends vSo largely on publication 
that important work of collecting and collaboration may be very 
vsoon forgotbm. Thh has lieen too nearly true of the botanical 
work of i,)r. b"zra Michener, Almost all of his long life (1794- 
1887) Wcis spent ill a small village in the southern portion of Chester 
County, Pennsylvania, ^‘almost entii“ely isolated/’ as he says, 
'‘^from the si^ats of learning, from . vsclentific libraries, and from 
persona! intercourse with the cultivators of science” (8, p. iii). 
In addition to the numerous duties of a country physician and of 
a promincait cili/xui interested in reform niovcinents he acciiniu- 
latcd a valiial)!e lierbarium, contributed to Darlington’s Flora 
Cestricii, pulilisbed a, ''Manual of Weeds” (7) for popular use, re- 
arrangi.Hl and rnoiintrsil tlie extensive Schwelnitz collections of 
fungi ill tlie Academy of Natural Sciences of Philadelphia, and 
Ci'irried on a correspondence and exchange of specimens witli the 
leading in}’'coIog!stH of his time, 

Mjhdieiier himself setmis to have regarded his botanical work 
as of little imiiortance. In his " Autographical Notes” (8), a 
volume of two^ liuiidred |)ages, in wliich lie gives tlie main facts 
of ills life and interests, he speaks of his "innate fondness for 
plant, s” and descrilies his early progn?ss in tlie study of botany. 
Lately rcdc-rcru'cs to liotanical work are largely incidental, as when 
he describes a botanical press which he devised (p. 43), or speaks 
of rearranging iilsJierbarium of more than a ttioiisaiid plants during 
an illness wliicli occurred in 1843 (p, 52), or of collecting plants 
while on^a trip to Virginia in 1846 (p, 59), He refers, however, to 
assisting Dr* Darlington in the preparation of the Florula Cestrica 
(p, 43)* The aliove facts are summarked by Harshberger {5). iniiis; 
.'"Botanists of Philadelphia.” ,A brief 1 :)iologlcal/ note, teprinted 
from' the ^ West Chester RepubHcan,' was /also published' 'In the 
liriends/, 'Intelligencer 'and Journal.,, July 2,„ ,1,8, 87., ( 9 )*",. '' ' ' ' 
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A few years ago the writers discovered that Miclierier moinifceci 
the fungi in the Schweinitz herbarium in Philadeliihia (ii, p. 7 ), 
and while continuing their investigations on this important 
herbarium were able to determine the date of this work (loj. In 
trying to determine this latter point the writers made a thorough 
search in the region about Di% Michener’s home near lough- 
kenamon, Penns3'4A^aiiiaj for documents which might throw light 
on the matter. 


Correspondence with Curtis and other botanists 
Dr. Micliener's correspondence, which is known to have been 
voluminous and to have contained letters from some of the most 
eminent scientists of his time, including Curtis, Ravenel, and 
Tuckerman (see Harsliberger 5, p. 180), appears to have been 
destro3’ed. No portion of it could be found either at his former 
residence, now occupied by his grandson, Ezra J. Webster, or 
elsewhere. Fortunately, however, Miss Alice Swayne, librarian 
of the Bayard Taylor Memorial Library, Kemiett Square, Penn- 
syivaiiia, who had previously assisted the writers and was aware 
of their interest in the Michener con-espondence, found a few pages 
of letter press copies of letters from him in his collection of shells 
now in, the possession of the library. Although there are but 
twelve sheets of this letter press, numbered consecutively 2 to 1:3, 
several of which are somewhat worn, some of the letters from Dr. 
Michener contain information of great value. That such frag- 
mentary records accidentally preserved must be depended on for 
information concerning a botanist who died only, thirty years ago, 
argues a neglect in^ the preservation of accurate historical records 
which is most unfortunate. 

Two letters to Curtis, copies of which were found in the letter 
press referred to, throw so much light on Mlcheiier's purpose and 
methods in taking up the study of fungi, as well as on his personal 
relations with Curtis that they are here included nearly in full; 

New Garden 26tlTL of nth mo 1855, 

Dear Friend:' ' ' ■ ■ 

Ifc^seems a long timealnce I have written to thee, ' Thy note of Sept nth came' 
duly to hand, requesting to have some of Boirytis infesians'md wouJcl have been 

' Figures refer to pages of the letter' press. ' ' 
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n.'Mrtoiulf/d to if I have foinid llie thiny, — IJiiruriiinatr'Iy tiie potato 

tops youo lioforo it. arrived-'-aiul 1 waited l<> know whet.her any rouki ytill 1'3e 
foiiJid" -siiifx’ wliioli time I !iav'(* been much from borne and mostly or-cupded will) 

ofdier (."ises. An iimisuaii>' wet season iiajs] produeerl an abiiodaiil yro\vtli of our 

fav'oriit' |)!ai!is"~“'the bdinyr-'^-of wbieb a large lumdjer }8av[(,‘] been collected ""-Ijut 
fr(,»in tlu; tone* of illy last n<'»te (wdtlu)nt date.*) I fec.d cc^mpeUef.l however reluctantly to 
decline f ransmitting them a,t |.n'eseiit. 

The indneeintmls which, led me into the study of the fungi arcj a desire to supply 
a blank in the catak»giie of Natural i,)r(Hiuctions of Chester County, which some of us 
contemplated —and while* I could ncA ojjtain the means to determine all the species 

myself' I. v.aioly Imped lliat my s(*ia'ices as a collector of fungi, might entitle me to 

tlie assistance whicJi 1 stood in need of in deternuniiig species. “Disappointed in this 
hoi)i?, I ha,ve but little !nduc(,mu*nt to prosecute the stud 5 * much farther “yet there 
is ;:i charm attending it which will prr>bably [con]tinue as long as I am aide to pursue 
it. ’“'How is the review of S<'h,\veinitz p,rogr(,‘ssing? I have been watching for it in 
the JiU,rrnal of Uk; Academy. ,Iu a few days 1 expect to commence arranging 
Schweinit’.z ICingi“-and It would have been a great pleavsure to have [7] had the 
assistance o! your correctly, >ns during the examituition of his sjX'cies. “I shall however 
impJicilly hdlow itls numbering and labeling [tivo words Iduired] out in the Synopsis 
Fiingorum."-* 

luielosed will be ionnd speciiuens of a few of my l^aek luindjcrs whicli. were 
maj'ked a,s d<\siderata:-^ 

As heretofore 
thy friend 

M. A. CrniTis— iil. MicuENiot 

N. K, .Clease write whenever convenient. 

(,,411 tis’s rc|)ly to this letter may be reacl.ily guessed at from 

another letter which Micheiier wrote several weeks later. This 
letter^ whicli, is without address, shows from the context that it 
W'as written to (^.airtis. 

[.12] Ni*:w Garpkn 28th of ist nio iSsd, 

Dear frieml^ 

'rhiu,c of the 8t!i im^tant was <luly received. 

It 'wasui knotw'jiidgc of thy t,unnerous engagementH in tlm Mycological field 
apart from '“biiBincBs” proper, which luw frequently led me to feel and to express a 
fear of tre«pas»ing too, mucli, upon thy time "''"aiKh m far aa I cati recollect, has pre- 
vented me from making any claim upon thy attention fartlier than It may have 
been convenient tO' thee to bestoW’^nor am I conscious of having 'mEmifested' that 
“impatience*' of wliich thee speak. this as it may “thy last preceding' ixot« 
commenced by saying You need not trouble yourself by sending me specimens' too 
often/' This was language which I thought could hardly be misunderstood,' ,an,d 
my consequent course dm® been taken according to my accep'tancfi'^of it. “In "future 
Tw,ilt send remittances (as in truth I have always d'ohe) im strict , conform, ity with 
the'Conditio'nsTfld down In the note referred'to.' via.—*' You are at liberty to [eelnd 
as often , as' yon'' 4 >iease, , only leaving the liberty ' to answer ' whein] I please. * ’ 

tThe'„hext''imrafTaph, of fout’Hnea,' ia^aomewlmt,'i4urred and is here omitted,) 



550 


Shear ash Stevens: Ezra Michener 


In working over the first eight books of Schweinitz’ Fungi, I have been grieved 
to fiticl a number of the envelopes either missing or empty in addition to the many 
which rendered i^alulcss by the I’avages of insects- — Perhaps the destruction will 
not be so great after we get through the Hymenom5’Cetes. 

Ever thine with respect, 

E» Michener. 


Four other letters of which letter press copies are preserved 
deal with Micheiier's botanical interests. In two letters to E. 
Laniiiiig lie speaks of exchanging- specimens, including fungi, and 
of having received a parcel of fungi from “our friend H. Y\5 
RaveneL” In a letter dated “New Garden, 28 of ll mo., 1855,” 
to Dr. William Darlington, who had apparently referred to 
Michener some question of fungus identity, he quotes a consider- 
able portion of Fries description of PeniciUiwn crustaceum from 
Fries S}' sterna Mycologicum (3: p. 407, 408), indicating liis 
familiarity with this standard mycological work. In a letter to 
Mr. Thomas P. James, dated “New Garden, 4th of ist mo., 1856,’^ 
he requests the loan of another lens — “I greatly feel the want of 
another glass. « . . The powers which [I] have are 20, 30, 50 and 
250, one intermediate between the two last, say from 80 to 150 
would often assist me wondrousbn” 

In writing to, Curtis of the proposed “Catalogue of Natural 
Productions of Chester County’^ Michener evidently had reference 
to the work of the Chester County Cabinet, an organization formed 
under the leadership of Dr. Darlington, the object of which was 
“two-fold: first, to form a collection of the natural productions 
of the County; and second, to gather materials' for its prospective 
history*' (8, p, 43). Michener evidently undertook the com- 
pilation of a list of fungi (6, introduction ; 2, p. iv; and 4, p. 458). 
To this^ end he corresponded and exchanged specimens with 
Ravenel and Curtis, especially the latter, until, as he wrote at 
the age of eighty-five (4), 

’’There have been some 1200 species of fungi collected and preserved in this 
county, a very large percentage of which have passed under the experienced eyes of 
Berkeley and Curtis, and carry, the impress of their determination, it is imposvsible 
'for me, at this late period of life, to arrange them pi'operly in a catalogue without 
more efficient aid than I am able to obtain/’ ' t 
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Other interests 

Miclieiier naturally included the lichens in his studies and sent 
numerous specimens to Tuckerman for identification (see 12). 
That iie was a collector of no mean ability is shown by the fact that 
in his list of lichens of Chester County, published in the third edition 
of Darliiigtoii's Flora Cestrica, 1853, there are included (3, p» 456) 
about 20 species never before published in this country, oiie-lialf 
of which are entirely new/* These new species are all described 
by Tuckerman, who named one species Biatora Micheneri^ in 
Micliencr*s honor. Tuckerman also named a species in this list in 
honor of the county, Vefrucaria cestrensis, Tuckerman presented 
Micliener with a complete set of his '^Lichenes Americae Septen- 
trioiialis/* inscribed 

“Dno. E. Michener, 

Auctor 

10 Aug. 1852.” 

These volumes, which bear notes in Michener’s hand, are now in 
the possession of the writers. 

DarIington*s impression of Micliener is frankly stated in the 
introduction to this edition of the Flora Cestrica, in which he 
refers to him as naturalist from whose acumen, diligence-, and 
indomitable perseverance we may fairly expect as thorough an 
exploration of every department of'our Cryptogamy, as the active 
duties of ills profession and the life-time of an Individual will 
permit/* 

Michener*s interest in natural science was by no means con- 
fined to botany. He was co-author with, Dr. William D. Hartman 
of a work on the shells of Chester 'County, and prepared a con- 
skierable portion of the, section on ** Zoology** in the 'history of 
Chester County compiled by Futhey and Cope (4). In this 
there are numerous footnotes signed with his initials,, indicating, 
close field observa^tions on the .habits of birds. 

In the' manuscript ^Xatalogue of the Museum^ presented to 
Swarthmore** are listed with Michener’s usual 'care four ^ hundred; 
,and,'twenty-si?c species of mammals,. birds, 'and ''reptiles,,' arrang'ed 
'in.', accordance" with the 'nome0clature;'Of^,,the:best authorities ofi 
Ms time/', :' The, greater' ,p,ortion' Of ''these 'Sp'Oeimen^ (8^ p..'202) had; 
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been mounted by Michener himself. The manuscript has been 
deposited in the library of the Department of Agriciiitiire. 

Michener was also interested in genealogy and contnl)‘iited a 
history of his family to the history of Chester County just meii- 
tioned. There is in the possession of his grandson, Mr, Ezra J , 
Webster, of Touglikenamon, Pennsylvania, an elaborate genea- 
logical study of the Michener family, prepared b}'- Dr, Miciieneia 


The Manual of Weeds 

In 1872 Michener published a volume of about one hundred and 
fifty pages, entitled ''A Manual of Weeds or the Weed Exter- 
minator,” designed, as he says in his introduction, to supplement 
Darlington's (2) Agricultural Botan^n and place in the hands 
of the young and intelligent culturist "" a cheap, and reliable 
Hand book of Weeds.” This book does not seem to have 
received wide circulation. There is no copy in the Librar5^ of 
Congress or in the Library of the Department of Agriculture. 
A copy in the Bayard Taylor Library at Keniiett Square, Penn- 
sylvania, was, however, loaned to the writers by the librarian, 
Miss Alice W. Swayne. 

The manual lists one hundred weeds systematically arranged, 
many of them with observations as to habit of growth and sugges- 
tions for their control. There is also a glossary of botanic terms. 

In the introduction, which fills twenty pages, Michener exhibits 
considerable grasp of the fundamentals of plant physiology. He 
refers to the leaves as 'The essential organs of digestion, assimila- 
tion, and respiration.” That he understood many' of the prin- 
ciples of' plant distribution is evidenced by his warning against 
the practice^ of throwing weed seeds into water courses, and to 
the danger of carrying rhizomes from field to field on agricultural 
implements. , He refers to the blackberry as a bi-per-aiinual 
because, as he says, "the root is per-amiua! and the stem strictly 
bi-annual” ^ A characteristic remark .is that "field fence corners 
cannot appropriately be used for flower gardens.” 

Some of his ideas as to the control of weeds must have seemed 
rather radical fifty years ago. For instance, he urges that ,the 
weed question 'is not a matter merely "of individual, of local, 
or of agricultural interest. It is more than all this. . . It is 



Shear and Sticvens: Ezra MiciiEN;ER 


iialJcRiaJ. ill all its iK^arixig's/' Tlu^ji drawing* an analogy from tlie 
cify Ixoards of lieallb and tlieir quarantine law's, lie urges “tl'ie 
esl'afdisbiiieiit; of an agriculioral board of liealtb in evTa"y district, 
investc'cl watli ample po-\\a'n\s and resources to maintain a healthy 
agriculture/' and adds: “it be necessary to pro\ade inspec- 
tion of seeds I'jefore ihoy are allowed to lie sowed/' These sugges- 
tions are in part carried out at the present time by our Federal 
I-forticiiltiira! Board and Idv stale seed inspection laws* It is 
possible that we may in time arrive at the condition finally urged 
hy Micliciicr, who suggests that in case a farmer does not properly 
cart-‘ for his fields “it may be necessary to remove him tem- 
porarily from his premist^s, and to place them in t:he hands of an 
agent until they are fully cleansed from the infection." 

ih'i'rLAorrrau'nA, AcADiCMv oii* Scir:Nct:s 
Michener was eli^cted a, correspondent of the Academy of 
Natural Sciences, Philadelphia, in 1840, and tliroiighoiit his life 
it formed liis chief contact with the scientific world. While 
M'ichener's name appears but rai'cly in the records; his services 
to tile Academy w'cre considerable and his interest great. * 

Tiic WTiters liave already called attention to the fact that the 
moimted portion of Schweinitz’s collection of fungi at tliC' Phila- 
delphia Academy is mounted in exactly the .same manner as are 
tiie specimens in Dr. Michener’s herbarium (ii). It is now 
evident thaJ: tlie metliod of arrangement .wUvS original with Dr. 
Miidiener. lAir in the files of the Academy is tlie following letter 
written on tlK'‘ outer su.rfa,ce of a brown papier folder inderitical 
in size ami kind of paper with those in the Michener herbarium, 
and Imvirig pinned on tlie inner side three of tlie smalt square 
sheets of ruled paper like those on which the fungi are pavSted in^ 
his herbarium (11, pL 3,4). This sheet was evidently iiiteiKled as 
a sample, and Michener t'hriftily utilized the outside of the sample 
for his letter. ' ■ 

Erysipte Hed fil: (Evidently not a part of the letter but of the sam|>lee, 

' ' . i e., it is the label.) 

Avokuale 26th of xitlrmo x8$„5t 

Lfeaf Poclor, ' „ ' , ^ ^ ■' 

' ^ I '.'have, lndo «4 a sheet ^ of my , paper with a ..specimen; of labels^ auch^ as I 
for.tiiy'>'examh»ti0a."**“Fr0W which thee will mry the of the :sh€*etr 'and t.he'«fe©^ 
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and number of tlie labels, to each sheet —as thy own judgment may direct. —Common 
Bookbinders boards are not substantial enough for the portfolios —they should be 
very firm. — 

A stouter paper than this sheet would also be better for the first class (Hyniciio- 
mj’cetes) as many of the species are very course and rugged ... 

Should we succeed satisfactorily with the Fungi —perhaps we may then be 
prepared to arrange the Lichens & Musci in the same way— but will try one at a 
time. 

If the portfolios should not be sent with the other materials please iiiforiii 
me what size the Boards for them will be cut. 

Respectfully 

E. Michener 

Dr. Zantzinger.— 

The first package of fungi appears to have been sent to Dr. 
Michener shortly after this letter was written for early in the 
following year, 1856, he sent a letter to the Academy concerning 
the problems connected with their rearrangement. This letter 
contains so much information regarding the condition of the 
herbarium at that time as well as the part played by Michener in 
its rearrangement that it is here printed in full. 

New Garden 16 of i mo 1856 

Botanical Com. A cad, Nat, Sciences^ 

I have mounted specimens of all that could be found in the parcel of Fungi 
sent. Many however were totally destroyed by insects— or had otherwise dis- 
appeared. —The envelopes very rarely contain more than two, quite common only 
one specimen —That I have felt a constant fear of being suspected for the same 
proclivity which characterize some other would-be naturalists. As a preventive I 
would suggest that you carefully look over the collection before sending it so as fully 
to appreciate its dilapidated condition. 

There are two points upon which I wish the advice of the com. —If the port 
folios are not yet made I would suggest the propriety of reducing the size of the sheets 
and labels.” I am not unmindful of a desire to preserve uniformity in the entire 
Herbarium (and this could still be done in appearance on the shelves) but I think it 
would be at the cost of convenience and utility. —If it does not come too late I would 
recommend the size and form of the 'accompanying specimen— The adoption of it 
would cost you, a trifle of lost labour— and me a good deal mO'te but I think would 
repay it. — 

I also wish your advice upon the arrangement —The original idea was to follow 
Schweinitz Synopsis ' so far as specimens were to be found— and then to fill up the 
blanks so far as I can out of my own collection. —But this does not admit of intro- 
ducing either Ms own exotic species —or other more recent discoveries in 'their proper 
connection,— We. have no ' very good classification but must follow some one— I' 
prefer Lindley’s [revised ?].— The specimen sheet is intended to discriminate between 
the North American & exotic species of Shw. Herb, —and also those which may be 
subsequently added— by the colour of the paper 'a reference on, the label to the 
source Whence the specimen was derived. If this should be thought sufficiently, to 



Shmar and STiaa<;Ns: Ezra McciiicNER 


555 


ciesisnate the srHX‘irrKMi« you will percolve Ural, additionj? can at miy lime be raade 
[re\'t‘rse of sliret] witliout iuterforonce with the previous iaboiir.’-” 

Should you approve the plan pa],>er couhl l)C selected of such size as would cut 
will 101 it in 11 cl 1 waste. 

IMeast; advise me c'nriy of your conclusion In the inattei'. 

Yours respectfully 

E. MiClIKNI-iR 

N. Ib — I can not return the paekage until I i-ec,civc the portfolios to place them iru 
-“What would you want done witli the old books,, envelopes,, etc.?- — a few of tliem 
coiitJiin specunens whic'h ought to be preserved —'and it might be worth while to 
retain Sch. own labels along with the specimens —but this would open a wider field 
for labour:-— 

E. M. 

Evidcnllyt iIk^ coni!iiil,(eo did not agree with Micheiier that 
the vsize of the sheets should be reduced, for the mounted portion 
of S(*lTweiiii!:z herbarium at Philadelphia is on sheets of folio 
size, wlicreavS tliose in Michcner's own herliariiim are quarto* 
Very fortunately, liowever, Ills suggestion that the original packets 
were wortli retaining wtis accepted, as thcvse are now preserved 
in lire Academy, 

Michener worked on this herbarium during the winters of 
1855 56 and i856'-57, and in 1857 sent to the Academy a con- 

siderable collection of fungi, as indicated by the report of Dona- 
tions to MusetutP' in the Proceedings for that year: 


Seven hiitidred and ninety-six species fungi (finely mounted specimens J.- 
FrcHeiited 1,)y Rev, M. A. Curtis. Two hundred and one species fungi (finely 
mounted si'jecimenH). Presented by Ezra Michener, wlio prepared all the specimens* 


VIic* filcjs of ilie Academy of Natural Sciences in Philadelphia 
contain five letters. from Michener regarding the rearrangement 
of tlie Schw'ciiiitz herbarium and in the interval after that only 
tlirec brief notes. Dr. Nolan, Secretary of the Academy, states 
that wliile the files are by no means complete, it is very probable 
that tliCvSe are all the communications received from Michener,, 
as he was characteristically a man of few words. Two letters 
written in 1867 referred to copies of the Proceedings of the, Society 
which he' had found missing when the volumes were' being' sent 
tO''.the 'bindery. The .remaining note written on a half 'sheet ^of 
'letter ''paper is from. its date and nature probably the, 'last ,'001^.'^' 
; .'munleath^it . of I)r . ' M ichener , to the. Philadelphia Academy. , '" ' '' '' , ^ , 
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Touch icENAAiON 6 of 3 mo. 1SS2 

Edw« J. Nolan, M . D. 

Dear Friend 

Please iiiid enclosed a postal order (S’s) i'or my subscription for tlie Proceedings 
of tile Axad. Nat. Sc. 

I have taken them for more than forty years, with interestj but the lapse of 
88 years wear and tear, has disqualified me for such reading and studies. 

Please close iriy subscription at the end of the cui'rent volume. 

And oblige 

Thine sincerely 

E. Miciiener, 


The Michener Herbarium 

Dr. MIchener’s zoological collections, as stated in a brief 
supplementary note published with his autobiography, which 
were given to Swarthmore College in 1869, were there lost in the 
fire which occurred a few years later. Very fortunately, however, 
his herbarium as well as a collection of shells remained in the 
possession of his children. The preservation of the .herbarium 
seems to have been largely due to the interest of .his son, Ellwood 
Michener, who apparently inherited his father’s taste for botanical 
studies and accumulated an herbarium of flowering plants which 
the writers have examined. 

Some years before his- death, Ellwood Michener presented the 
collections of plants and shells to the Bayard Taylor Memorial 
Library, of Kennett Square, where they remained until 1917, 
The trustees of the library, however, realizing that the herbarium 
would be more accessible to scientific investigators as well as more 
carefully preserved in the Department of Agriculture, sold the 
collections of fungi to the mycological collections of the Bureau 
of Plant Industry. 

In addition to. portions of many of Schweiiiitz’s specimens, as cits 
scribed in an earlier paper (ii, pp. 7-11), the Michener herbarium 
contains iiiimerous specimens from the collections of fungi de* 
scribed by 'Berkeley and Curtis (i) as well as fungi identified by 
Michener himself.' With the exactness characteristic of all his 
work Michener indicated on the labels the source of the specimen 
and by, whom it was identified. This collection of ^ fungi which 
has now been' made available for study will prove of great value 
to American' mycologists. The herbarium also contains an exedL 
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lent Eollccf'ioii nf lichens, wi(:h many aullientic sjjeciiiieitB from 
Tiickerriiaii, who iileiititiccl most of the iiiateriaL There an?; also 

iiiaiiy aj^axxl collection of mosses, many of which are 

from ’I,vuro|;Ky and a few hcpalics and algae. 

Altlioiigh M,i(:!ieiier published very little, his contributions to 
liotai'i}'" were cronsiilerable. Realizing the limitatioils of liis own 
sitiiaJ:ion and the impossibility of satisfactorily ideiitif3niig all the 
s|:)ecievS liimself he wisely vsent his collections for identiiication to 
the leading aiitliorities on the several groups, and devoted his own 
energies to collecting and preparing his herbarium. He tims 
secured an authoritative and fairly comprehensive flora of his 
region, and added to the number of known species and to the 
known distribution of species already recognized, a type 'of botan- 
ical work greatly needed. 

Bureau or Plant Industry, 

Washington, D. C, 
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'CiU'vafciinp 103, i04; vinealc, 378 
Almis rugosa, St* 551 aimiata, 437* 43^^* 
450 

Alopccunw arisstulatus, 439, 44S; occt- 
dleatalia, 439, 449 
Alpliitonla excelsa, 150 
Alsiiie am'ericana* 453; baicaleusiB, 702, 
I04» 433* 43^* 4S3; borealis, 434, 439. 
^45 1 ; 'calycantlia, 439, 443* crassifoHa, 
p 44 t*'' 44S; laeta,A43, 45®. 454? longi- 
.folia, 439, 448, ,451 1 longipes, loa, 104; 

' polygonaicle8,:4S®; strictiflora, 439, 448 
jdatacrtfiitte, ^442, 44^7 Nuttalbi.' 
' , :: 453 ^ ^ 

Alyistttti aitriiimum, 381" \ \ 


A 1 iiarun I aceac , 147 

Amarella anisosepala, 441; plebcja, 102, 
105, 108, 440, 444; propinqiia, 445; 
scopiilonun, 440, 444, 44S; stricUllora, 
4-,|0, 448 

Ambrina dissecta, 418 
Ambrosia artcmisiifolia, 52, SS 
Anipelociasus latifolia, 509 
Anaeardiaceae, 150 
I Amipluilia subalpina, 436, 438 
Andiistea virginica, 52, 55 
Andromeda novae-cacsareae, 169, 188; 

Parlatorii, 169, 187; pollfolia, 450 
Andropogon gloincratim, 53; scoparius, 
5®. SS; Sjx 53 

i A lid rosace carinata, 446; fiHfonnis, 453; 
pinetorum, 434; septentrional iw, 443; 
HubuUfera, X02, 105; ' SLibumbdiata, 
45 ® 

Anemia stricta, 171 

Anemone I'lruminondii, 446; globOvSa, 
43d, 439* 44®. 443; parvillora, 446; 
Ricbardsonil, 446; tetonerisis, 446, 454; 
2ei )h.vi’a, ..J.44 

Angelica C.rayl, 444; Rosd, 443 
Anisomeris favSciciilatii, 31 
Annotated list of the forest trees of the 
Hawaiian Ardiipelago, An, 145 
Antcnnaria acuta, 447; albescens, '443; 
anaphaloidcs, 102, 106, 108, 438, 444; 
aprica, 44a, 44 4, 446; Ijracteosa, 440, 
44a; corymbosa, 4.40, 442; imbricata, 
2,06; microphylia, 106, ,108, 440, 4.4a; 
mucronata, 447; oxyfihylla, 106; pul- 
vinata, 447; rosea, 106, xoH, 440, 442; 
mu brindla, 44 1. 444 * 44 fd viscid ula, 
43b 

An thel iu j id acea , 2 1 7 
Antbopogon barbellaturu, 440; elegans, 
440, 448 

Antbracotheciurn oebnicfco-flavuin, 323 
Anticlea colorademis, 433, 436, 4S4; ele-, 
gans, X03 ' ’ 

Antidcsma platyphyllum, isop pulvina** 

turn, ISO , , 

Antipbylla 'oppositifoHa, 4S4 ^ 
Apocynaceae, 154' ' ■ 

'Aqiufoiiaceae, 150 

Aqnilegla .caendea, 43b, 439. 443; colum- 
■ ■■■■biapa,^ 434 * ' 437 * ' 43 ®. degaattda, 433. 
43b; :fdrtbo»r, 434* 437; B^ximontAmh 
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453 , 454; scopiilorum, 444; thalictri- 
folia, 444; \'ulgaris, 380 
Arabidopsis Thaliana, 38 1 
x\i'abls divaricarpa, 104; Drummondii, 
436, 439; exilis, 443; glabra,^ 104; 
glauca, loi; hirsuta, 104; Lyallii, 4455 
oblanceolata, 443; oreopbila, 443 
Aralia spinosa, 51 , 55 
Aragallus alpicola, 447; deflexus, 100, 

101, 105, 108, 433; foHoIosus, 434, 437; 
Hallib 447; Lambertii, 105, 108; oreo- 
phiius, 447; Parryi, 440 ; Richardsonii, 
100, ioi» 105, 108; viscidulus, 441, 4475 
viscidus, 441, 447 

Araliaceae, 152 

Araucaria bladenensis, 174; darlingtonen- 
sis, 169, 174 

Arenai'ia confusa, 44^; Fendleri, 104, 108, 
434, 446; giobosa, 442; Hookeri, 104; 
lithopMla, 443, 445; salmonensis, 443, 
445 

Argemone mexicana, 380 
Aristida strkta, 47 » 52, 55 
Aristolochialongifoiia, 337;loiigiflora, 337 
Arnica cordifoHa, 433. 444; fulgens, 102, 
106; macilenta, 441; Parryi, 106, 107, 
433, 444; pumila, 433, 434, 43d, 444; 
rhizomata, 440, 451; Rydbergii, 440; 
subplumosa, 441; tenuis, 441 
Arrhenatherum elatius, 374 
Artemisia arctica, 445; aromatica, 106; 
caudata, 378; elatior, 44s; Forwoodii, 

102, 106, 108; gnaphaloides, 100, 106, 
108; Parryi, 107, 445; Pattersonii, 445; 
saxicola, 444; scopulorum, 444, 446; 
spitliamaea, 444, 446 

Arthrocnemum glaucum, 427 
Arthur, J. C. Relationship of the genus 
Kuehneoia, 501 
Artocarpus incisa, 147 
Arundinaria tecta, 51 
Ascyrum stans, 52, 55 
Asplenium pycnocarpon, 337 
Aster andihus, 444J apricus, 444; Canbyi, 
440; ericoides, 387; ericoides , villosus, 
387; frondosuB, 444; griseolus, 440,445; 
Lindleyanus, 436; meritus, 434, 437 
Astragallua spicatus, 43S 
Astrotheliiim sepultum, 323 
Atelophragma elegans, 105, 433, 436; 
Forwoodii, 434' , 

Atragene tenuiloba, 433, 436 | 

Atriplex alaskensis, 421; argentea, 422;! 
argentea Hillmaai, ' 423; Barclayana, 
424; canescens, 425;, parnosa, ’'420; 
'cornuta, 43,2; Coulteri, ,424; cristata;’ 
423; curvidens, 424; Davidsonii, 424; 
Draconis, ' ' ; 426 ; drymarioides, 42 1 ; 
ei^micola, 42s; expansa,422; expansa 
mohavensis, 422; Gardneri, 425; gioiher- 
ata. 424; Ginelini,,,42X;. Gordoni, 425;' 
Greggii, ' 425;^ , hastata, ,420, 421; 


iriillniani, 423; hortensis, 422; joaqiii- 
niaiia, 421; Jonesii, 425; lapatlii- 
folia, 420; littoralis, 421; microcarpo., 
424; inimiscula, 423; moliavciisis, 422; 
niuricata, 424; obovata, 425; patiila, 
421; pentaiidra, 423; pli^dlostegla. 426; 
polycarpa, 424; pusslia, 423; rosea, 
421; sabiilosa, 425; saccaria, 422; 
spatiosa, 421; sordida, 422; sonorae, 
424; zosteraefolia, 421 
A vena americana, 102 
Azaliastrum albifloruin, 434, 450 

Baccharis halimifolia, 52, 55 
Baptisia tinctoria, 378 
Barbarea Barbarea, 381; vulgaris, 3S1: 
Bathelium gigantosporum, 323 
Batracliium confervoides, 453 
Berry, E. W. Contributions to the 
Mesozoic flora of the Atlantic coastal 
plains, XII. — ^Arkansas, 167; A mid- 
dle Eocene Goniopteris, 331 
BerthoIIetia excelsa, 249 
Besseya alpina, 445; plantaginea, 440, 
445; Ritteriana, 44$ 

Betula glandulosa, 450, 451; lenta, 274; 

lutea, 274; nigra, 50, 55 
Biotora Micheneri, 551 
Bicknell, E. P. The ferns and flower- 
ing plants of Nantucket — XVIII, 369 
Bistorta bistortoides, 99, ido, 104, 107, 
439, 448; HnearifoHa, 439, 448; vivi- 
para, 448 

Blitum, 420; capitatum, 420, virgatiim, 
420 

Bobea elatior, 155; Hooked, 155; Mannii, 
155; satidwicensis, 155; tiiuouioides, 

155 

Borraginaceae, 154, 189 
Botanical work of Ezra Michener, The, 
547 

Botrychium dissectum, 369; Lunaria, 
lox; tehebrosiim, 369; virgmianiiin, 369 
Braasica oleracea, 381 
Britton, N, L. Studies of West Indian 
■ plants — IX, X 

Bromus comnuitatuB, 37s; liordaceus, 
375; hordaceus leptoBtacliys, 375; hor*" 
daceus glabrescens, 375; laimtipcs, 
103; polyanthus, 442; Porteri, 99, 103, 
442; Pumpellianus, 436; raceniosiis, 
375 ; Richardsonii, 433, 435, 442 
Broussaisia pellucida,, 147 
Broussonetia papyrifera, 509 
Brown, M. M. The development of the 
^ embryo-sac and of ' the embryo in 
' Phaseolus vulgaris, 535 ' 

Brysonima coccolobifblia, 510 ''' 

Buellia placodiomorpha, 322; rtoditid* 
spora,',32'i 

Bukakia''':Crotohis, ' 508; , . mexicapa, 

'■ $0^ : ' , ";V' ' 
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Bu|->kijnii!i ainericuinirii, 445; purpura.?^- 
ccris, 4.17 

Biirsa Biirsa-pasl'oris, 104, to8 
liirn.KK, O. Oil tlu; cause of allernaU* 
f,ii tiie apj;)lt‘, K5 

CalaiiiaRrostis cunacleiisis, 103, 437, 439, 
45 x; LauM'wlorfu, 437» 439» 44^ 
Callij-^orujiu caiiescens, 425 
Calodiorlus Gunulsoiiii, 99, io;r, T04 
Ca1o|')liyllinn iiiopliylliim, 151 
Calpidia, 546 

Caltha kptosepala, 100, 449; rotuudifoUa, 
44,9 

Calyptrornyres raiuosiis, 248 
Cauielitia sativa, 381. 

Campanula licterodoxa, 441, 44s; Pai'ryi, 
100, los, 440; petiolata, pp-ioS, 436, 
440. 444 

Ck nipanulaccae, 156 
Caminilosiia arornaticiis, 52, 55 
Canavalia ensiformis, 509; i^ladiata, 509 
Catiinat, 65 

Capnoides brachycarpmn, 438 
Cardamine acuminata, 449; umbeliata; i 
449 

CarduUJ^americana, 106, to8; Centaureae, 
106; orosiivS, X06; griseus, 102, 106 
Carex ablata, 44x; alata, 377; albonigra, 
439; aqiiatilifi, 448, 452; atrata, 439, 
452; anrea, 448; bcdia, 440, 448, 452; 
brunncscens, 436, 437, 439, 448; capil- 
laris, 439; cephaloidea, 377; dialdo- 
lepits, 439, 452; chimaphila, 443; conoi- 
dea,, 377; crlnita, 376; debilis, 376; 
diandra, 377; disperma, 448; cbumea, 
439; Engelmannii, 442,' 446; cpapil- 
losa, 440; festiva, 99, lo’i, 103, 106, 107; 
flexuosa, 376; Geyeri, 436, 437, 443, 
454; gymnocrates, 448; Helierb 446; 
I'lep'liurnii, 442, 446; laevivaginata, 
376; lanuginosa, 103; IiixiuHformivS, 
376; inoniie, 376; moTitaneus,is, 441; 
nigricans,' 439, 443, 448; nova, 439, 448; 
rinbicola, 444; obtiisata, 442, 446;'occi" 
dentalis, X03, 442, 446; pennsylvanica, 
X03; phaeiiocepbala, 446; prairca, 377; 
pseiidoscirpoidea, 443; pyrenaca, 439, 
443; Reynold di, 439, 448; Rog«i, 436, 
437, '442, 446; nipestris, 442, 446; 
8axatiH,a, 449; spectabilia, 441; {jtipata, 
376; straminea, 377; atraminea tenera, 
377; straminea cdiino'des, 377; tenera, 
377; tennis, 376; utiiculata, ' 103; 
Waited an a, 377' 

Carpinus caroHniana, 51 
Carpheplionis belHdifolius, 33 
Cassia adenosperma, 1:2? aeschinomene, 
10; ' aristellata; 342; aspera, ii, 361; 

'' aapei'a M'ohrii, 360, 36%; .bifoHata, $; 
O.Bnchii, 12; earibaea, 8; Cbamaecrista^ 
:ia, '348; Cbamaecrista nic titans, "357'.;: 


Chaniaecrista robusta, 353 ; ciineata, 6; 
depressa, 352; cliiTiisa, 12, 348; diphylla, 
5; .rasciciikito, 347; tlexiiosa 5; glaiidii” 
losa, 8, to; graiumica, 6; inagiien-sis, 
8; leptadenia, 355; Hneata, 6; lirieata 
brachyloba, 6; liicayana, 8; Millerl, 
5; nuniosoidesaescliynotneiie, 1 ,r; mi,ra- 
biiis, it; inississipi'jicnsis, 353; multi- 
pimiata, 3591 niidtipinnata Nasliii, 
350; nictitans, 348, 356; iiictitans com- 
mixta, 357; obcordaia, 6; patellaria, 10; 
ixedicdlaris, 12; pilosa, 5; polyadena, 
6, 10 ; portoricensis, 7; portoricensia 
callosa, 7; iiortoriceiisis graiuilata, 7; 
pygmaea, 10; riparia, ii; robusta, 351; 
rotundifolia, S; serpens, 5, 32; Sinip- 
soni, 361; smaragdina, 12; stricta, 9; 
strigillovsa, 12; Swartzit, 9; tomentusa, 
538; virgata, 8; Wright ii, 342 
Castanea, i35;dentata, 133, 136 
Castdaria calcicola, 34; jacciuinifolia, 35 
Castilleja briinnescens, 440, 451; confiisa, 
J07, 434, 437; C'-rista-galli, 105; lanata, 
438; landlblia, 438; liitea, 44.x; occi- 
dentalis, 444, 44b; pallescens, 441; 
[)!iberida, 445; rhexifolia, 438; sub 
phiirea, 99, joo, roi, xos, io8;T\veedyi, 
438 

Catharinea angustata, 369 
Celastraceac, :r,5o 
Cepbalanthus occidentalis, 51 
Ccrastimii Behringianurn, 446; Earlii, 
444; ocddentalis, xoi, 104, 107, xoS; 
oreophilum, 444; scopulorum, 442, 443; 
strictiim, 442, 443; variabile, 442, 444 
Cei'atolejcunea, 527 

Cerotdium Canavaliae, 505, 509; Eviae, 
510; Fid, 509; Gossypii, 510; Lanneae, 
510; peregrinum, 510; Spondiadis, 510; 
Vitis, S09 

Chaenactis alpina, 446 
Ciiaetocladiiim, 245, 287; Brefeldii, 250 
Chaetoddoa sp., 53 

Chamaecrista adenosperma, 4, 12; aesdii- 
nomene, 4, 10; amplistipulala, 5; aris- 
teliata, 340, 342; aspera, 3422^ 3bx; 
aspera Mohrli, 360; belliila, 347',* 
bradiiata, 340, 34s; BncH!» 5» 

12; calydoides, 343; camponini, 
348; caribaea, 3, 8; Chamaecrisla, 
4, 12; diarnaccristoides, 343; corn- 
plexa, 9; Beermglaaa^ 340, 345'! 

depressa, 352; diffusa, 12; diphylla, 
3, 5; Bussil, 4, 9; fasdata,4, loj.fas"* 
ciculata, S3. 34i. 347, :35'B 
fiexuosa, 3, 5; gland ulosa, 4, 'B; gram* 
, mica, 3, 6,. 344; granulata, 3.' 

' agnensis* 3, Sjjamaic^nsis, '3/7;:%ey,eii* 
i ais* ' 34b; , 344; teptaidonla, /343E»:'''355t 
j, . lineata, ,3, 6; littoralis, 

, , '4,3 ; mi'Craptl'ia, 4'*' 11,. ' 344 1 
' ■ j 0 ; mimbilfe,, ; 4 , '"/i i ; 
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341, 353, 354; niiiltipinnataj 359; Cibotiiini Chamissoi, 140; glaiiciim, 1414 
titans, 3, 12. 341, 356, 359; iiictitans ^Menziesi 14^146 
coraniixta) 3575 obcordata^ 3t * 2 ; | Cicuta, Ci4rti?isn, 53 
patellarla, 4.'"io; pedicellariSj 5. 10; i ('irmamoiuiae, 66 

pilosa, 3, 5; pinetorum, 3, 7; poly- ! Ciiinaniomiiin intcrrncdiuni, 1K7; Nnw- 
adeiiaj "4/ 10; portoricensis, 3» 7;! 601171,369,187 

port riceii sis callosa, 75 portoricensis | Circiuella, 246; spinosa, 251, 287 
graiiulata, 7; procumbens, 343, 344» i Cirsiiim Eaioaii, 43‘^; griseuni, 43<'^; orcf> 
356, 357; piibeniia, 34^' 35S; pyg- 1 plulimi. 43^^, 45'^ 451; scopii- 

maea, 4, 10; riparia, 4, ii; rostrata, | ioriim, 451 
340, 346; rotLindffoIia, 3, 55 savannai*- j Claoxy Ion sand wicense, iSo 
iini, 4’, ii; serpens, 3, 55 Simpsoni, ! C]a.ytonia megarrMza, 453 
362; strigiilosa^ 4, 12; Swartzii, 4, j Cleracntsia rhodantha, 439 
9; texana, 340, 343. 3445 Tracyi, 3535 i CJeoine guianensis, i, 2; iiiacrorliiza, r, 
Tiieixkbeimii, 3, 8; Wrigbtii, 340, 342; ! 2; obtnsa, 1, 2; procinnbens, i, 2; 

virgata, 9 i Sloanei, i; sfcenophylla, i, 2; Wrightli, 

Cliamaecrista Jvloench in the United 1 i, 2 

States, The genus, 339 I Cleome procumbens Jacq. and its rela- 

Chainaecrista Moeiicli in the West lives, i 

Indies, 3 Clerraontia arborescens, 156; coeriilea^ 

Chaniaenerion angustifolium, 105, 107, 156; drepanomorpha, 156; graiididora, 

108, 43S; latifoliiim, 436, 43S, 451 ' 156; Gaudichaudii, 156; hakakalensis, 

Charpentiera obovata, 147 156; hawaiiensis, T56; kohalae, 156; 

Cheirodendroa Gaudichaudii, 152; platy- leptoclada, 156; obloiigifolia, 156; 

pliylluiii, 152 Peleana, 156; persicaefolia, xsd; tuber- 

Clieirinia amoena, 447; lanceolata, 442; cidata, isd 
nivalis, 4475 oblanceolata, 440, 444; Clcthra alnifolia, 51 
radiata, 447 ClinopodiiUTi vulgaris, 386 

Chenopodina Moquini, 428 Cocos nucifera, 146 

Chenopodiaceae of the North American Coeloglossum bracteaium, 436 

Flora, The, 41 1 Cogswellia montana, 443 

Chenopodium, 412; album, 412, 415, 416; Collinsia parviflora, 102, 105 
■ amaranticolor, 415; ambrosioides, 414, Collomia debilis, 453; linearis, 102, 105, 
418, 419; anthelminticum, 41S, 419; 108 

aristatum, 417; arizonicum, 415; atro- Collybia dryophila, 249 
Virens, 414; Botrys, 418; clulense, 418; Colubrina oppositifolia, 150 
corniitum, 417, 418; cycloides, 414; Colutea primordialis, 169, 184 

dacoticum, 416; dissectum, 418; fari- Comarum palustre, 449 

ttosum, 419; ferulatum, 416; Fre- Commelina communis, 377 
monti, 415; glaiicum, 379; graveolens, Compositae, 157 
417; Ilians, 414; inamoenum, 413; 'in- Condrophylla americana, 452; FremontH, 
cisum, 417; leptophyllura, 413, 414; 542 

miirak,^ 4195 miirale farinosum, 419; Coniomitella Williamsii, 447 
neomexicanum, 415; nevadense, 414; Conioselimim coloraclenae, 434, 436; 
opiiHfoHum, 416; paganum, 4^6; pal- scopulorum, 434, 436 
lescens, 413; petio-Iare, 416; Pringlei, Contributions to the Mesozoic flora iif 
41s; saiimira, 419; subglabrum, 4135 the Atlantic Coastal plain, XIL— Ar- 

siibspicatum, 420; vagaiis, 418, 419; kansas, 167 

viride, 4id; Vulvaria, 4x4 Convallaria angusiifolia, X2o; biflora, 120; 

CMloscyphus polyanthus, 2047' canaliculata, 122; commiitatiim. 122; 

Cliiodecton leiostktum, 322 hirta, 120; multiflora, 122; pubescens, 

CMogenes hispidula, 434 118; Polygonatum. 126 

Chomelia fasciculata, 21 Coprosma Grayana, 155; kauaiepds, 156; 

Chondrophora nudata, 47 , 52, 55 longifolla, 156; montana, 155; piibena, 

Chondrophylla Fremontii, loi, 102, 105 156; rhyncocarpa, 155; Vontempskyi, 

Chondrosea Aizooii, 454 ' i 5 S; waimeae. 156 

Uhrysophyllum poly nesicum, 153 Corallorhiza maculata, 37B ^ . 

Chrysomyxa albida, 501 ; Vitis, 509 , Cordiaapiculata, 169, 184; sebeeteha, 189? 

Chrysopsis alpicola, 443, 4475 asperella, ,'tremula, iSpj'subcordata, 154' ' 

442; graminifoKa, 52, $ 5 ; villosa, 106. Cornua florida, 49, 50,;SS 
107, lop^ ^ ^ ^ Cracca ambigm, 337;'' angustifolia, '3,37: 

Chrysosplemiim tetrandum, 452 onobryeboides, 338; 
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Crci’»is p<:‘r|>lexa, 102, 106 
C.'ritli'al wUiiiy of certain ypix'iOvS ut Mucnr, 
A, 24-1. 2K7 

(''iDriartiurn Byrsonimatis, 510; naccitUaii, 
5 1,0; Zizi’phi, 5; ! a 
C r{)HS< > iok* j 1' 11 ni‘a , 5 2 7 
C' rot an syl vatic us, 50K 
Cryptocarya IVlannii, 147 
Ciirin!ri,y,lianic!la, (‘Icgans, 251, 287 
Ciiscuta, IvpiUiymuni, 3H6 
Cyajica aiyitusti folia, 234, 235, 237; unj?u,s- 
ti folia HiUebraiidii, 234; an.4iistiroHa 
lanaiensis, 235; ari)orca, 156; Bishopii, 
233; coiiiata, 237; cotiirmmis, 231; 
Copelancili, 231; coriacca, 237; Faiirici, 
237; Femaldii, 231; ferox, 235; fcrox 
horrida, 235; Grimcsiaim cylindrocalyx, 
235; iiamali flora, 235; Hardyi, 236, 
237; Kuutbiana, 233, 234; lepto- 
stcKiii* niacrostej^ia, 235; Maunii, 
237; noli-metaagere, 229; obtiiaifolia, 
237; palakca, 230; platyphylla, 232; 
Remyi, 233; scaltra, 230; spathulata, 
■ 237; stic.topliylia, 230, 231; tmncata, 

234 

C'yat hfrareae, 146, 271 
i'ycatiaceae, 171: 

Cyi'xnniiri rotunclus, 53 
Cyrilia I>revii'oIia, 36; raceinitiora, 51, 55 
Cystiiua pkitytropis, 445 
Cytherea bulbosa, 433 

Danthonia culifoniica, 439; intermedia, 
100, 103, 439; Parryi, 99, 100, 103, 
436 

Dasi{,)hora friiticosa, 100, loi, 104* 106, 
107, 440, 442, 446 

Dasy.stei)hana calycosa, 445; monticola, 
445; Parry i, too, loi, 105, 444; Ro- 
manzovii, 107, 440, 448 
Daiiruf^ Carota, 249 
Decodon verlicillatiiH, 52, SH 
DciliHBea coriacea, 237; Ivimtbiuna, 233, 

334 

Delphinium aitenuat^um, 45X; Xiarbeyl, 
45 1 1 Ndsordi, 104; robuatum, 99, lOo-- 
104 , , ^ 

Dentaria rupicola, 434 ' 

Deschainps^i®'^ alpicola, 440; attopiirpurcia, 
437* '439; cacBpitea* 100, 103, xo6, 
439; curtifolia, 439 

Development of the embryo*sac aitd of 
the embryo in 'Fhaseolus vulgaris, '535 
Development of the spikelets of ZeaMays, 
The, 4S3 

Dewalquea ^ haldemiaaa, 1807 insigni- 
fomis,' 169, 179, 180; 'insignis, 180; 

' Smith! , 1 89 

Dianthus plumarlus, 380 ' 

Dichfomena latlfoHa, 53^ 

Dicksottia borealis,' 171; .groC'nlandica, 

169, I7I ^ ^ ''' ^ ^ ' 


Dielclia Eviae, 510 
Dindia teres, 53, 55 
Diospyros virginiana, 51, 55 
Disporuin trach^x'arpuin, 433, 436 
Distegia involucrata, 3^:15, 433, 435, 437, 
450 

Ditta myricoidevS, 37 

Dodecathcon radicatum, 105; iinitloriiin, 

441 

Dodonaea eriocarpa, 150; viscosa, 150 
DolichOvS Lablab, 509 
Dondia brevifolia, 429; calccoliformfs,. 
427; califoruica, 429; conferta, 428;, 
depressa, 427; crecta, 427; fruticosa, 
428; linearis, 428; mexicana, 428;, 
Moqiiini, 428; ramosissima, 428; vSijf- 
frutescens, 428; taxifoMa, 429; Wil- 
sonii, 42S 

Douglavsia montana, 447 
Draba andina, 446; aurea, 443, 446 1 
aurciformis, 434, 442, 443. hrachy- 
stylis, 442; cana, 445; chrysantlia, 436,. 
444; crassifolia, 443; densiOora, 447; 
eurocarpa, 447; londiocarpa, 447;; 
luteola, 442, 444, 44b; nitida, 102, 437,. 
443; oligospernia, 446; Farr3d, 442, 
4^3; jH'ctinata, 447; aobolifera, 447; 
spectabilis, 440, 442, 444; streptocarpa, 
104, 43^1, 436, 440, 442, 444; vcnlroaa,, 

44b 

Dracaena aurea, J 46 

Drovsera dichotonia, 303 “\ 397 ; longifoHa,. 

238, 450; rotundifoiia, 393-402, 450 
Drosera rotundifoiia, Meclianics of move- 
ment in, 389 

Drymocallis lissa, 438; glandulosa, 104, 
108; pseudoriipestris, 441, 445 
Dryopteris spinulosa, 370 
Du 1 >aut i a plan t agin ea, 1 5 7 
Dugaklia Iloope^ii, 440 
Duchesnea indica, 502, 504, 511 
Dupatya montana, 33; pungens, 33 

Ebenaceae, rS 3 

Echirrocidoa crusgalJi, 37^; inuricata, 37a 
Edwlnia macrocalyx, 454 
Elaeocari)ac(*ae, 151 
Klaeocarpus bitidus, 151 
IClephantella groenlandica, 449 
Elymus glaucus, 103, 437; simplex, 442 
Endolepis Covillei, 426; pbyllostegia, 426 
Endothia tliiens, 1:27, lapj'fiucns missis- 
aippiensis, 129; gyrosa, ■ 127-144; para- 
sitica, 132, 133; vsingularis* 127 
Endothia gyrosa, Some factors, influenc- 
ing, the prevalence of, 127,,' 
Epacridaoeae, 153 '' '/'f,' b"' ;; ,,',v , 

Epilobium' alpinum, 454; "anagalHdi- ' 
' folium', 441, 443, 452; davatum, 443, 
4527' ,Drurnmond'if, , 441, 448; Home- < 
; mannii, 454; latuiscuKim, 441, 449; 
'orogonenae, 441, 449; ovatifolia, 448 ; 
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paniculaliuij, 102, 105; niberfcens, 105; 
stramineiira, 449 
Epipactis piibescens, 37S 
Eriaiithu.3 sp., 52; striata, S3 
Erica vagaiis, 3S5 
Ericaceae, 1S7 

Erigeroii coinposituiii, 446; Coulteri, 436, 
438; elatlor, io7» 44t>; exiirilus, 100, 

106, loS; ftagellaris, 440, 4435 formosis- 
siiimui, 440; glabelliis, 436, 440, 444; 
glandalosiis, 447; juciiiirlus, 44 <^; 
iiiacraiithiis, 100, 106, 108; nielaiioce- 
plialus, 446; piiinatiscctiis, 447; poU- 
tus, 441; raclicatus, 447; salsiigniosiim, 

107, 440, 449; Scribneri, 447; simplex, 
446; superbiis, 440; Tweedyi, 443, 447 

Eriocaulon arenicolaj 31;; clecangulare, 
52, 55; fusifornie, 32, 33; ovoideum, 
32; sigrnoidcuni, 32 

Eriogonum arcuatum, 443, 446; chloraii- 
thiirn, 442, 446; iiaviim, 442, 446; 
Iieracleoides 443; iieglectiun, 442, 446; 
Piperi, 443, 447; polyphyllum, 443» 
447; subaipiniim, 100; tomeiitosum, 
S3; iimbellatuin, 442, 446 
Eriophomm alpiniis, 449, 450; angiivSti- 
foliuni/ 44S, 450; Cliamissonis, 449, 
450; gracile, 448; Scheiicheri, 449 
Eritrichiiim argenteum, 446; eloiigatum, 
446 

Erysimum obianceolatum, 107; Wiieelcri, 
104, xoS 

Erythrina mouosperma, 148 
Erythronium grandifiorum, 445; ob- 
tusum, 445 

jEiigeriia malaccensis, 152; sandwiccmsis, 
152 

Eumucor, 246 

'Eupatorium capilllfoHunu 53, 55; com- 
positifoliiim, 53; purpiireum, 52; ro- 
tundifolium, 47, 52; verbcnaefolium, 53 
Euphorbia lorifolia, 150; Rockii, 150 
Euphorbiaceae, 150, 185 
Euphrasia mollis, 441 
Eurya sandwicensis, 151 
Eutbamia caroliuiana, 52, 55 
Evans, A, W. A , new Lejetmea from 
Bermuda and the West Indies, 525; 
Notes Oil tfie genus Herberta, with a 
revision of ' the species known from 
Europe, Canada and the United 
States, ,191 

Evolvulus arenicola, 36; siHceits,'36 ' 
Eysenhardtia amorpliioides, 338;' poly- 
' stacliya, 338; texana, 338' 

Fagiisgrandifiora,, 136; grandifolia, 51, 274, 
Feijoa Sellowiana, 524 , ' ' 

Ferdinandea angiistata, 24; brachycarpa, 
24; stellata,, 24 9^ ; 

Kerns and' flowering plants of Nantucket, 

, ,, The,--X;¥ni, 3 d 9 , , ' '' 


lu'si.uca axi! ndn KOI n, coaiun-, fso* 

i03; riahm, 373; aCbra., :;v:4 bc'-fia. 
09, nviua, 3} j: HA'iif.'i 

37 „|.; 3 / 5 ; ii*,.' . ’"c. 

103; I'liijni, lOM, in.;, r.jbo! 

glaunnk’S, 37 S; 'riiili bcri, ichi, io,-; 
Ficiis t,‘rassi[H‘s, 178; dapbrui;.;,* ii- 

uidcs, too, 177: cvaJa, 179; ovah'ifdia, 
i6g; tonic.nlosa., 50(4 Waofsosd, 170 
Fdipendiihi Uhiiaria, 

FlacourtlnciTu*, 151: , 

Fragariu bracUxda, 438; .on* 

439; indica, 502; .mi,', 

FnixiiiuscaroHuiruia, .S1, 35'> rcv;-c4-b .r, jj)8 
Frommea, 503 ; Buchesuoae, 50,9 ,, u ; 

obtttsa, 5^3. Sti; Polylefudis, 50 , |, -u i 
/Fruit bud formation a crlt im/un, .,|;77 

Gaillardia aristafca, lor) 

Galactia iiet(?ropby}la,, .-539; mai rJuali'^ 
33Q 

Galco|)sis Ladanuiu , 386; ladraJiit, jKb 
Galiinn /Vpariiio, 508; ijorcalo, ino, irti', 
105, to8 

(banienia Brighami, :i55; Keiuyi, 155; 
Gates, R, R, A .Kin'lvsirm of f.lic Mcuiii’S 
Polygonatiuu in Nortf 1 Ajur'rb''a„ 1 r; 
Gaultlieria humifusu, 433; ovaUfolia, 4;4;|. 
Gayophytum ramosissiintun, 102, 105, 
442 

Genus lanicocrot on Grise!)., I'luu i.t 
Geranium maculatuiii, 475; um’vosiini, 
105, 106; Paticrsonii, 443; immlla, ,143 
Germania deltilis, 4. {,4 
Geuin orogonensn, ,1:044 rivalo, 4,4«8 
Gilia globukiriH, .146 

Gleason, I!. A. The slruG'uro aiul d<-^ 
vclopinent of the plant assoeiatiou, 4e>3 
Gledttsd'iia triaranilios, 275 
Glotuerella Ibsidli, 520; rufomficulaii^, S-at 
Glomerula re|>ens, 2:|7, 350, 287, 308 
Gnaplialtum obtusffolium, 53 
Goniopteris, A tr,tid'dle F4:,)ceiu% lipr 
(Rmiapteris elalfoomltntt, 33 1. 
Goodeniaceae, 1 56 
'Gordouia I/asiantUus, 514 55 
Gortmkr, '.R* ,A,., i-AWKtCNoia J. \7; & 
Harris, J, A. ''('he r<d;U,aHi?4’iip Uo' 
tw(*end:he {.>smotic eonceaf isdion of leaf 
' sap'urid htnght of loaf ii'wertiou ;iri irt'OH, 
267 

Gouldia axiUaris, :i54; e'longafca, t.'M; 

' , inacrocarpa, .t55 ^ 

Gou,RtEY. J. 'll. Fruit I,)ud 
■, a criticism, 45 s ' 

Graphephorhm Wolfil, 440 
.Gr^,pbka'cliry8ocar|)a, 3^35 |datygrapta» 

Graplus telpturata ^ plmilera, 3 24 
'GuamS'Of'the Hawaiian l^laiwls, Tlie* 513 
Cuctfcarda argentea, 523 , ' ' ^ ' 

GuttiktaCvTs'i / 
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G\‘iiiiiorarj):ii‘, ()(k faS, 82 

Habeiiaria blepbarGlotiis, 52. 55; iiliarls, 
47, ‘v*^* 5:4 tiialaia, 53 
HamaiiiaHs virginijina, 382 
Harpkr, K. M. a quantitative, volu- 
luetric aiu.l <Iyuairiic study of the veyo~ 
tat.ifsii of tl'ie Firms Tacda belt of Vir- 
i-'ijiia. ajid lire Carollnas, 30 
Harris, J. A., Gortnkr, R. A., &, Law- 
RKN CE, J- V, I'l le t'elationslii]) between 
the osmotic concentration of leaf sap 
and height of leaf insertion in trees, 267 
Hawaiian trees— -a criticism, 545 
Hcdera Helix, 385 

Il'edysririim Mackenzif, 437, 438; sul- 
idiurascens, 437, 438 
Iic‘lerdnm temiifolium, 52, 55 
Hdiantliella qiiinqiienervis, 99, 106, 107 
liclianthus a.ngiistifoHus, 53 
Helicostyliim piriforme, 250, 287 
Heiniera KiniinciiUfolia, 452 
Heraeletiiii lanatum, 103 ’ 

Herberta adimoa, 20o-'222; adtinca alpina, 
208; atlimca .Dicksonkmu, 208; adiinca 
vstrarninea, 20B; Dicksoniana, 206, 207; 
dicrana, 199, 21 8; Hutdiinsiae, 206-222; 
jiiniperina, 196-211; Sendtneri, 205, 

207, 212, 21:3, 222; straminea, 205, 206, 

208, 2i2, 213; tenuis, 207, 219, 220-222 
Herberta, Notes on the genus, 191 
Hesperis nuitronalks, 381 
Hesi'rcromannia arboreseens, 157; Lyd- 

gateb^'sv 

Hesp(Jro|)eiice M'ertensiaira, 432 i 

Heiichera fiabdiifolia, 441, 445; tlaves- 1 
cens, 443; glabra, 434; grossularifolia, | 
445; Hallii, 4531 ovalifolia, 44:1', 447; | 
parvillora, 439, 443 
Heufieria sepnlta, 323 
HildscadelplniB (bllTardianiis, ,151 
Hibiscus, Arnottiamis, 151; kokio, 15,1:; 

tiliaceus, 15 1; waimeae, 151. 

'Hfeoria alba,- 51, 55; aquatica, 5H 55 
'Hieracium gmcile; 436, 440 
lllppiiriis vulgaris, 448, 452 
Homalobus/Bourgovi'b 438; luimilis, 4'43; 
fiexuosus, X05 

HoOKKrq H. J,R. Mechanics of 
ITiovementdn Drosera rotimdifoHa, 389 
Hordeuin jubatuin, 439 
Hudsonk ericoidea, 378 
Hiilsca carnosa, 453 
Hydrogera obliqiia, -248 
Hydrop-hora stercorea, 248 
Hydro-phylliim Fendleri, 105 
Hymenopappus dnereiis, 442 
H^^pericuin fasciciilatum, ^ 52, ,'5S; for- 
mosufn, lOS 

Ichthyometbia ' havtneasiSj 34;, piidp- 
ala, ,34 : ", , ,, ey, - ■ ^ 


Ilex glnbrn, 51, 55; opaea., 50, 55; ,sai]d- 

wicensis, 150 

Tndox to American Ixiianical liieraliire, 
59, TXT, X50, 223, 261, 315, 363, 407, 
459 , 497 - 5 ^ 9 - 559 
Umaclis linanifoliiis, 53 
Iris rnissoiirietisis, too, iot, 104, 136; 
pseudocoriis, 37S; tripetaia, 53; ver- 
sicolor, S3 

Isoetes Tiickermanii, 370 
Ivesia Goi'donii, 442, 443, 446; utaliensis, 
447 

Jacquinia keyensis, 36 
Jamaica, Some noteworthy lichens from, 
321 

Jiiglans cinerea, 274 

Juncoides arcticuin, 452; arciiatum, 452; 
glabratiim , 4 41 , 45 1 ; by perboreii n 1 , 
452; intennedium, 439; spicatiim, 443, 
45t, 452; subcapitai iim, 451; parvi- 
ilorum, 439, 451 

Junctis balticuB moniaiiiivS, 101, 103, 106, 
ToS, 448, 451; birfoniiis halophilus, 377; 
castaneus, 448; Drummondii, 107, 443^ 
454; Hallii, 444; Mertensiaiius, 439, 
448; parous, 439, 449; Parryi, 443, 454; 
Kegclii, 449; saximontanus, 103; 
scirpokles, 53; trighnnis, 448, 452 
Jungermannia ad tinea, 191, 206, 208, 2x:o; 
concinnata, 19 x; didados, 192; jiini- 
perina, ipx, 208-214; jiiniperina mlun™ 
ca, 208; Sautiu'iana, 212; Woodsii, 192 
JuniperuB virginiana, 51, 55 

Kalmia nncrophylla, 450 
Koelevia critttata, 100, 103, 108 
Kokia Rockii, 15 x 
Koiiiga maritima, 381 
Kuclmeola albida, sox; aliena, 506, 510; 
andicola, .502, 506, 5:10; Butleri, 506, 
5x0; Duchesneae, 502, 504; Kiel, sob, 
509; Gossypii, 510; japonica, 502, 506, 

. S'lO; malvicola, 505, 506, 511; Mark- 
haruiae, 502, 506, 5x1; obtusa, 502, 504; 
'peregdna, 506, 510; Urerlinis, 502, 506, 
S'lo; Vitis, 506, 509 

Kuehneoki, Relation ship of the genus, soi 

Labordia memhranacea, 154; molokaiaiia^ 
154; sessilis, 1,54; tinifolia, 154 
Laciiiiaria spicata, S3 
Lantana Camara, 5/4 
Lappiilafloribimda, 103, 105 
Larix .Lyallil, 432 

Lastrea KIscheri, 334;'' 'G-okliana, ' -334; 
'intermedia,- 334; 'jKpightiana, 334? 

■ pbiypodiOldesl,^ 334' e 
Lathyrus,arfeoxdcu8»'; 43,^,; iatifoUus, 383 

■ -Laiirabeafe^' .X47f' : ' ' ' ' - ' ' 

I'Laitrera gigintospora 333; 
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Lawrence, J. V., Harris, J. A.* & 
Gortner, R. a. The relationship 
between the osmotic concentration of 
leaf sap and height of leaf insertion in 
trees, 267 

Lecanactis preiiinea plurilocnlaris* 325 
Lecaiiora subfusca castaiiea, 325; snb 
phureorufa, 327; versicolor, 327 
Lecklea dicliroma, 327; incondita, 32B; 
megacarpa, 329; plurilociilaris, 325; 
versicolor major, 329; versicolor vigi- 
ians, 328 

Ledum gland ulosura, 450; groenlandicum, 
450 

Leguminosae, 14S, 184 
Leguminosites omphalobioides, 169, 185 
Lejeunea floridana, 527, 5^8; glaucescens, 
525. 527. 528; minutiioba, 525-S28; 
pililoba, 527 

Lejeunea from Bermuda and the West 
Indies, A new, 525 
Lemna gibba, 452 ; minor, 452 
Leparg3’rea canadensis, 433 
Lepidium neglectiim, 380 
Leptasea austromontana, 454; Hirculus, 
439 

Leptilon canadense, 52, 55 
Leptodactyion Nuttallii, 444; pungens, 
442 

Lescaillea eqiiisetiformis, 37 
Lespedeza capitata sericea, 52, 55; hirta, 
339; striata, 53 
Lepidozia, 192 

Lesquerella montana, 442; parvula, 447; 
Wardii, 442, 447 

Leucocroton angustifolius, 13, 14; davi- 
cans, 13; davicans latifoHus, 13; flavi- 
cans angustifolius, 13; linearifolitis, 13, 
14; revolutus, 13; saxicola, 13; vircns, 
tS; Wrightii, 13 
Ligusticella Eastwood! ae, 438 
Ligusticum hlicinum, 434; Porteri, 433, 
436, 449 
Liliaceae, 146 
Lilium Catesbaei, 52, 55 
Limnorchis purpiirasceiis, 433, 436; viri- 
difloi'a, 104 

Limiaea americana, 433; longiflora, 434 
Linum Lewisii, 105 

Liquidambar Styracifiua, 50, 51, 55, 136 
Liriodendron^ Meekii, 169, 180; oblongi- 
folium, 183; primaevLim, i8x, 182;; 
quercifolium, 169, 170, 182; semiala- 1 
■ tuni', 181; simplex, 18 1, 182; Tulipifera, i 
,^SO,'SS; 

Lithopliragma bulbifera, 443 . 

Lioydia serotina, 439, 443 ' , , '! 

Xobdia Portmanna, 453; Qaudichaudii 
‘coocinea, 238, '^239; kauaiensia Yillosa* 

237 , A' ' . 

Loganiaceae^-iS4 ' 

Loiiicera,japdnioa,;SL/’ ' ' '■■L .'.'i 


.Lopadiiim castaneiiiHj 325 

Ludwigia pOosa, 53 

LupiuiivS raiispitosiis, 438, 445; 

lloriis, 405; horizontulis, 403; IiiteohiK, 
405; malacophyllus, 4<>5; microcarinis, 
40s; monticola, 438, 441; par\a!Joriis, 
436; polyphyiliis, 541; imlolKaTiimiM, 
436; subvexns, 40S; veuiistus, 540 
Lnpinus, Studies in tlie germs, —L, .^->5 
Lycopersicii m escii Icnti i m , 2 41 ) 
Lycopodium aloptHUiroides, 53; oljsciii'urn 
dendroideiun, 370 
Lygodesmia juncea, 443 
Lysiella obtusata, 433 
Lythrum vSalicaria, 384; Salii'aria tonwii* 
tosum, 384 

Mabal-Hllebranflii, ,133; sandwicensis, 153 
MAcCAtKUiEY, V. All annotated list 
of the forest trees of llie llawaiian 
Archipelago, 145; Tlie guavas of tlie 
Hawaiian Islands, 513 
Machaeranthera Pattersonii, 4*1 5* 4-53 
Macroncma cjiscoideiim, 442, 453 
Magnolia acuminata, 268; glauca, 50, 
Sx. 55 

I Magnoliaceae, 180 

Mains Arnoldiana, 457;' astrachanica 
457; augustifoUus, 457; Viaccaia, 456; 

I baccataaurantiaca, 45b; baccata Jackii, 
j 456; baccata rnaudshurica, 456; Iiac- 
I cata jsanguinea, 456; cerasifw'a, 457; 
coronaria, 457 ; florobunda, 45 7 ; ioensia, 
457; microinalus, 457; prunifoHa, 457; 
prunifolia, Rinki, 457; pumila apetala, 
456; pumila Nieilzwetzkyanu, 456; 
Scheideckeri, 457; Sieholdii, 457; spec- 
tabilis, 4S7; zumi, 457 
Malvaceae, 151 

Malvaviscus arliioreus, 505; Dryiiunomlii, 
504; mollis, 50s 

Manihotite.s georgiana, 185 
Marshallia graminifolla, 32, 55 
Mastigopliora, 192 

Meadow ■ vegetation in tlie montane 
region of nortliern Colorado, 97 
Mechanics of movement in DroHc-ra ro* 
tundifolia, 389 
Medicago sativa, 538, 540 
' Megalospora, 321, .326; Cununingslae, 
■326, 327, 329;' jamaicensis, , 327; 

prcmneella, 326, 330; sulphuraia, 326, 
3^9; sulphurata^ geimtna^' 327, 329; 
SulphuratJt,megacajrpa /3 2 7 , 3 ; sulphu- 

rata nigricanvS,'327, 328; sulpteeorttfa, 
326, 327; versicolor, 32d'-328;, veraG 
color dichxoma, 326-3294 versicolor 
. Uvido-cincta, 3264 versicplar ■' Mjor,, 
326,329 ' , 

Melampsoraceae,' 508 , „ 

.Mellola ,Ca'melliae,,st9 ' . 
.Meniaperm'aceke*' 183'',''- / t 
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Mc*niH|’)i‘riiuii'?s liorcalis, t«S 4; integri- 
folia» ifH), iK.i 

Manilla (‘luiadansis, 387; canridensis 
jj;1ahrala,, 387; cajiadinisia lanata, 387; 
glahrala, 3K7 

Mcrtiaiwia, aJpiiia, 444; Baked, 100, 105, 
444,; lateriHora, 444; paiiicuhita, 441, 
44.5, 45]; I’arryi, 445; prateiisw, 440; 
,^t:en<iloba, 4414 445, 451; Tweed yi, 445; 
viridula, 105 

Mesaclenia lanceolata, 52, 55 
Meaospliaerirni, ra,diatuin, 53 
M'ezonenruiii kaaaiense, T48 
Metrosideros naaeropius, 152; polymor- 
plia, I 52 ;rug(>sa, 152; treinulokies, X52 
Micliener, Tlie botanical work of Ezra, 
547 

Mkrantlies arguta, 433, 448; arnoglossa, 
44 3 » 45^5 hradiypuH, 443; Briiimoniaiia, 
452; Lyallii, 452; ocxdden tails, 445; 
rhomiKiidea, loi, 107,' 443; Rydbergii, 
4*.}.5; saximontana, 445 
Middle' Eocene (demiopterivS, A, 331 
Mikania scandens, 53 
M'inutifoiiae, 66, 6«S, 8 t 
M iniubis Langsiiorlii, 449 
Moraetjae, 146 

Moehringia macropliylla, 436, 437 
Monarda punctata, 53 
Moneses reticulata, 434; imiflora, 433 
Moraceae, 177 

Morinda citrifolia, I'sd; trimera, 156 
Moriw indica, 509 

Miicor, A critical study of certain species 
of, 241, 287 

Mucor abundans, 250, 287, 289, 292, 294; 
aromaticus, 250, 288, 290, 296; botry- 
cities, 251, 259; circinelloides, 245, 250, 
251,' 289, 293, 294; copropbilus, 251, 
259, 288, 290, 295, 297, 309, 310; chris- 
tianieiivSis, 251, 289, 291:, 309; corti- 
coUiH, 25:1, 289, 294; C'donierula, 247; 
griseodilacinus, 250, 288, 290, 293, 
3014 ^grisechcyanuH astb '^89, 290, 294, 
3Qo; ,gri»®osporu8^ 350, ,25S» 2S<)» 288, 
'290, 293, 297, 298, 3 to; hiernalivS, 250, 
2SX, 288, 290, 293, 300; Jausseni,, 248, 
apg; !amprosporus,;2so, 2,89, 292, 289; 
Moelleri, 247; M’uccdc, 342, 24S-“248, 
289; plasmatk'us, 245; pliimbeus, 25X, 
389, 295 f 296. 399; racemosus,’ 246, 
248, 296, 307; RamannianuvS, 251, 2S9, 
290, 302; Rouxii, 248 ; ■ Baturninus, 250, 
251, 389, 290, 399; silvaticus, 289, 294, 
309; srancBcens, 351, 255, 290, ,295, 
302, 309; Bpliaercsporus, 25 1» 289, 292, 
'29S» 296,, 305, 307; yarians, 250, 2Sx, 
2*88, 290, 298 

Mublenbergia comata, '4395' mcemosa, 
439; Wolfii, 440 

Muscaria delkmtula,'4S^^ ' 

Myopomceae, '154 „ " '''.4^ 


Myojioriim sandwicense, 154 
Myosutis alpestriH, 440, 44S 
Kfyrica cerifera, 51, 55; dniiamomifulia, 
169, 170, 175; clilTwoodensis, ifk), 174; 
longa, 169, 175; piimila, 52 
Myricaceae, 174 
Myrsinaceae, 153 
Myrtacea(n 152 
Myrtus Ugiii, 524 

Nantucket, The ferns and llowcriiig 
plants of, — XVro, 369 
Narcissus poeticus 378 
Neiocrene parvifoUa, 452 
Neowawraea phyllanthoides, 150 
NesHa itaniculata, 381 
Nictitella amena, 357; aspera, 361* 

Notes on Hawaiian Lobelioidiae, with 
descriptions of new species and va- 
rieties, 229 

Notes on plants of the southern United 
vStates — HI, 337 
Notes on Rosaceae — XI, 63 
Notes on the genera Herberta, with a 
revision of the species kinwn from 
Europe, Canada and the United StatCvS, 
,191 

Nothocestruni brevidonun, 1:54; lati- 
foHum, 154; longifolium, 154; subcor- 
datum, T54 

Nototrichium sandwicenHC, 147 

Nyctaginaceae, 147 

Nymphaea fluviatilis, 53; sagittifolia, 52; 
polysepala, 45^ 

Nyssa biflora, 50, 55; uniHora, 50, 55 

Obione Gardncri, 425; phyliostegia, 426 
Ucelliilaria chionostoma, 325 
OchrovSia sandwicensis, ,1:54 
Odinu WocUer, 5x0 
Oenothera, 385; rubesexms, 384 
Oieaeeae, 154 

On the cause of alternate hearing in the 
applts 85 

Opegrapha chrysocarpa, .323 
Oplirys borealis, 433; nephrophylla, 433 
OrobuB angustifolius, 541; aureus, 541 
Oreobolus furcatus, 238 
Oreobroraa niinhua, 447; pygmaea, 446 
Oreochrysiira Parryi, 436, 438, 445 
Oreostemma Haydeni, 445, 447 
Oreoxis alpina, 447; Baker!, 447; bu*- 
milia, 447 

Ornithogalum iimbellatum, 37® 
OrthocarpUvS luteiis, 102,,; 108 ' 

Osraanthus Eandwicensi®'^ I34" 
Osniorrhiza Libergi!, , 434* 437 1 obtwsa, 

433*436 

■Osmunda dnnamomea» 52, 55; lignttinn, 

'■ 333 

■pmea dpmmgensk, 37 

Oxycoccus paldstris* 450 
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Oxytleiidnim, 49; arboreuiii, 50, 55 
Oxypolis Feiidleri, 451; filiformiri, 54 » 55 
Oxyria digyiia, 453 > 454 
Ozomelis Parryi, 433; stauropeiala, 433; 
fstenopliyllus, 433; trifida, 434 

Pacliystima inyrsinitcs, 433 
PaepaiaEthus pungcns, 33 
Palmae, 146 
Pan danaceae, 1 46 
Paiidanus odoratissiinus, 146 
Panicularia ncrvata, 437, 43P> 45IJ paiici- 
fiora, 437, 439, 44^ 

Paiiicum albeniarlense, 373, 374; 
burnae, 374; coUimbianum, 37^, 373; 
coiumbianurn tliiiiiiim, 373; hemitomon, 
52, 55; huachiicae, 374; imbricatum, 
238; implicatiim, 374; isuchnoides, 
23 S; meridionale, 372-374; monticola, 
238; oricola, 372. 373; scoparium, 374; 
tsugetoriim, 372, 373; virgatum, 372 
Papaver Rhoeas, 380; sornniferuni, 380 
Parasiteiia simplex, 247 
Paraassia fimbiiata, 433, 448; Kotzebuei, 
434, 449; palustris. 434. 449 
Paronychia puHdnata, 446 
Passiflora in Cuba, 15 
Passifiora aiigiistifolia, iS; Berteriana, 
15, 18; coriacea, 17; ciliata polyadena, 
19; cubensis, 15, 17; cniprea, 15, 17; 
dasyadenia, 16, 20; foetida, 15, 18; 
foetidagossypifolia, i8;gossypifoUa, 15, 
18; hederacea, 18; hirsiita, 18; holo- 
sericea, 16, 20; incarnata, 15, 20; laufi- 
folia, 15, 16; maliformis, 15, 16; minima, 
18; nmltiflora, 16, 20; nipensis, 15, 17; 
pailens, 15, 17; paliida, 15,18; pedata, 

15, 16; pendtiH flora, 15, 19; pseudo- 
ciliata, 15, 19; pubcscens, 19; quad- 
rangularis, 15, 16'; reticulata, 20; rubra, 

16, 19; sexflora, 16, 19; Shaferi, 15, 17; 
subcrosa, 18 

Patellaria livida-cincta, 328; premneella, 
330; sulphurata vigil ans, 329; versicolor 
livido-cincta, 328; vigilans nigricans, 329 
Pectianthia Breweri, 434; pentandra, 433 
Pedlcularis bracteata, , 436; bracteosa, 
449; Canb3d, 449; ctenophora, 449; 
contorta, 437, 449; cystopteridifoHa, 
449; Gray!, , ,1054 Hallii, 445, 449; 
lunata, 449; Farryi, 99, 100, loi, 
10$, 107,, ^445; '.'lacemosa, 433»' 43<5; 
scopiilorum, 445 ' 

Pelea anieata, ''149; auripulaefolia,' 149; 
7 barbigera^ ' 149; xinerea, 'I49;',dusiae- 
' folia, i; 49; ellipticar 1497, kauaiensis, 
X 49; ' Knudsenii^ . ,149 7' macropus, , , 149 ; 
microcarpa,' ?i;49b''ib9lb,kaienais, ' X49; 
multiflora,-. 1,49; .'.'‘orbicularis/ '149;, .ro* 

' tundifo.lia., ,'''149;'. . sandwicensis, ;;;,X'49; 
,sapotaefoEa^ X49'7?olctepiGa','i49;'w^a« 
lealae, ■i49;Wawraeanai ,149. ' 


! PKNNJCLL, b'. \V. on ut iIk' 

Southoru Ifuiffd SSaP's I ! f, 337 

: IVntstemuu cacypitosus, ,133, 4 .'| 5 ; nasyi- 
I folium, 441; frnticosiiu'i, .|'.'n ; Ilnlli'ib 
453; Hai’bourii, 353; l./ynllij., 43 i ; 'uioir- 
lamiR, 445; pn'H'orisy, 1,00, i«'u, 1053 
108, 442, '44,1; pyciU'iuliumilis, .ppc;; 
stenosepalus, 445, ,.|53; Twoi'^dyi, 445 
Pcraiiiiurn pubcyceiis, 378 
Pcrrottetia sandwicensis, i:$o 
■Fersea pubcscens, 51, 55 
Fersicaria 'BarLwriglitii, 379; hirsiita, 36 
PertiLsaria verrucosa, 325 
Fetasites coryniliosa, 4.49 
Fhacelia alpiiia, 444; ciliosa, 444; ludenv- 
pliylla, 442, 444; Lyallii, 445; ncrvOvSa, 
444; sericea, 444 

Pliaeographina caesioiiruinosa, 324; qiras- 
siaecola, 324; scalpturata, 324- 
Fhakospora Aescliyno,mei.uSj s<'> 9 ; alpina^ 
508; argentinensls, 508; Brideliae, 

■ S09; Crotalariae, 509; Crotonis, 50K; 
fenestrala, 508; Glocbidii, 5t>8; Juelii, 
507; mexicana, 508; Meibomiae., 509; 
Fachyrhizi, 507; pinictiforim's, 507, 
508; stratosa, 508; ¥ignae, 509; Vitis, 
507. 508 

Phaseolus liinatns, 509; niiiltiflonis, 535, 
537. 539. 54 vulgaris, 535 
PhaseoIiivS vulgaris, The ('!pvelof),nicnt of 
the embryo-sac and <.vf the cunbiyo in, 
535 

Fhegoptcris Fhegoiiteris, 370; poly pod i* 
oides, 370 

Phaeotrema platycarpoides, 325 

Phenax Sonneratli, 36 

Fhleum alpiniim, 99, 103, 437, 439, 448; 

pratenae, 99,. X03, 106, 108, 439 
Phlox alyssifoHa, 441, '443; cai'spltosa, 
446; condensata, 447; c-ostata, 447; 
dcpressa, 446; t:liapensloi<le8, 447; 
Kelseyi, 440; pilosti, 475 
I^hoenicauUs cheirantlioides, 44,7 
Phoradondron flavc‘S(,;eny, 51, 55 
Phragmidium albiduni, 50:1:; D'Uciiesm.N'ie, 
S04;, FotentiHae*canaflc,‘,usls, 503; Tor- 
raentillae, 503 

Phycomyces nitena* 25.^ 287 
Phyllanthim distichus, 508; ’grandifoliiis, 

. S08; Niruri, 508; ninnm.iilariaerollu8» 

■ 3 b 

Pbyllodoce, empetrlforxnte» 450; gla'n- 
duUflora, 450 

I Phy^opelia Artocarpi, 508.1 . 'CherimoJIaet 
^ , 508 ;'concorsr S'99,;; Fid.,, 5097 Madurae, 

■ 598 /'MeibO'miae,, 509; . 
'Phytogeographical notes O'li' the Roi'ky 
^ Mouhtaih "Reg'ion— V'H.,' ' Formations 
the Bubal, pine 431 ■ 

Picea ,437, 434 ■ , '■ ' ",. 

,,Fieris niticla,, 54',' $:'5'. 

';'I^i|ea,"Cbwe!H 4 ''i-i'', 
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Pifr»l'>olii.s rr>'slaliiiui3, 348, 351, 387;' 

Icrnj^iiv'.s, '.-’So,' 287; 35:1, 287 

Filosclla Hioisas'iisoniaiia, 447 
Firua't'ia*, 172 
IHngiijciila, vii!i,;aris, /j50 
Plnsis aihicaiilirf, .|4K; urlstata, ^32-435; 
IPiiikrtiana, 373; ta'lihiatu, $0, 55; 

.-fo; exiliw, 432; flcxxilw, 434; 
M'ni'rayana., 432; |)aj!istriF., 4t, 46, 47, 

‘ 49 . 5<'>. .kiv 55; yarolhia, 49. 50, 55; 
StrohiLs, 371:; Kyi vest ri, I:;, 249; Taeda, 
39"54 

PI|)UK!(4>l'ialis, 245 
Pipttirus a.lbidu.s, 1 47 
Firella, 246 

PisPiiia, 546; jiieruiK, 147; sandwiceiisis, 
I/I7; ainlKdilfera. 147 
I^isuin salivuin, 54 ^ 

Filit..osj,H'»raci;a(i, i 48 

Pitiosporulii acmninatum, 148; caiili- 
lloriirtp T.|S; conlVrtiMorum, 14S; Gay- 
iiniuu, T.pS; glahriuii, 148; glomeratiim, 
148; Mawaiiansty 148; Hasmeri, 148; 
iiisijidu*, '1:48; katiaifmc, 148; spatliula- 
tiii!!, 148; teriiiitiaUoides, 148 
Plaiwra aqnatica, 5i< 55 
Platanus occidcaitaUs, 51, 55; orienlalia, 

275 

Platycarpos, A new ^species of the .sub- 
genus, 405 

Platydewma eain panula t um, 1 49 
Plagioehila asplenioides, 204 
Plcctronia oflorata, 1:55 
Pknirogyne fontaiia, 448, 4.52 
Pleurozia i>ui'purea, 204 
Poa alpiria, 439, 452; annua, 483; Buck- 
leyatia, 442; callichroa, 440; erocata, 
■J07, 433, 435, 443; epilis, T03; interior, 
103; leptocoma, 437. 430. 449. 4Sr; 
longiligula, 442; liicida, 442; xiervosa, 
441; nevadeiisis, -103; oecidentalis, 440; 
Olneyi, 437, 439; prafcensiw, 108, 439; 
pudica, 440; redexa, 437, 439, 448, 45:1 ; 
rupicola, K)3; 8iil)purt>urt»a, 103; Iriclio- 
Icpis, 440; Vaseyana, 439 
Podo^amiies ntarginatus, 169, 171, 172; 
np., 1C9,,' 172 

PoktTionium ' B'ran'degel, 444. 453; con- 
fertum, 444, 453; de'lkatum, 433,, 434, 
4S3. 4S4; folioslsslinmn, 43<^; Gay- 
anilm, 453; mellitum, 444; puicberri- 
iniim, 4S4; spcciosiirn, 453; vwcosum, 
444. 4S3 '' ’ ' 

Polygala cyinosa, .52, 55; lutea, 52, 55; 
*' ramofsa, 52* >55 , ; ' ' ^ , 

Polygonatiim angustifolium,, 120; bP 
Borura,' 1 1 7-124; biflorum commuta- 
' turn, ; 123;' Mte'umvglganteam# 124; 
bifloruni ' bebeflfoHum, t2i, X26; 'bi« 

' floruEi ovatiim, ' 1247 ■ bifionim virgiiik 
ciimr,, 133 ; boreale,, xiS, 119^. borcjals 
'auBtraUs iipp'canaliculatumr i47,''X3'2'j 


i'.anaiicu latum gig-arileiuii, 124; cobren- 
sis, 126; eoininiiFituni, 117, 122, 124; 
coniniutatum ovatuiiij 1247 connnuta- 
■turn virgiiilcimi, 123; ciineatuin, 119; 
eliipticum, 126; yiyanieiim iiS, ,i2,|; 
ITausskneclitii, uH; birtum, 117, T2«»; 
latifolium commutatiim, 123; multi™ 
tlonnn amerieaiiimi, riS, T20, 1:13, -124; 
psuadllonim, 1 1 7, T25; piibesccns, irx, 
X2<); piibcKcensaustrale, 119; pubescent 
cuncaUim, 119; verticJlIatuiri, ix8; vir- 
ginicum, 119, 123, 124 
l^olygonatuiri in North America, A re- 
vision of the genus, 117 
Polygonum Engelmannii, 102, 104; Ilart- 
wrightii, 379 
Polypodiiim vulgare, 369 
Polypremum procuinbens, 53 
Fontedcria cordata, 53 
Populus beterophylla, 51, 55; trcniu- 
loides, 433. 433. 435 
Potainogciton alt)inus, 452 
Potentilia arachnoidca, 439, 442, 446; 
brevifolia, 447; canadensis, 502, 504; 
dccurrens, 439; diversifolia, 439, 443; 
divisa, 443, 446; fiUpe.s, 104, 439, 442, 
443; llabcilifolia, 4414 glaucopliylla, 
439. 443; glomerata, 4417 gradlls, loi, 
104; Ilippiana, 100, 104; Macounii, 
447; minutifoUa, 447; modesta, 444; 
nion.sijeliensis", 103, 104, 1:08; mixta, 
504; nivea, 443, 446; jjaueijnga, 447; 
pcrdisecta, 445; procuinbeiis, 504; pul- 
cherrima, pp-ioB; ciiuiKtiierolia, 443; 
recta, 382; reptans, 504; saximontana, 

443, 446; aylv(\stris, 504; tenerrima, 

444, 447; Tortrientillae, 504; unitlora* 
446; x’irgultata, 441; viridior, 440; 
viridescens, 441; Vrcelaudii, 441, 445; 
wyoiningensis, 447 

PovAU, A. H. W, A critical study of 
certain species of Mucor, 241, 287 
Primula angustifoltar 440, 444; Ibrrryi, 
440r 44«. 4S3 

Pritchurdia, .1:46; Gaudicliaudti, 545; 
Martii, 545 

Proteoides craasipes, x 78 ; dapbnogenoides, 
177; longus, 175 
Frunus aiigustifolia, sx, SS 
Psallipta campe.stris, 249, 

Psedera quinquefoHa, 478 
Pseudocymopterus biptimatits, 447; Hen- 
dersonii, 4537 montamiB, 434*43 §1 ayk 
yaticus, 437; temiifoliiie, 99-107;' Ticie'^ 
stromii,' 444 

PseudomoTus Bfutumteim,/X4d , >■ 

Pseiidopteryxia anisata, 453; longilobaT 

'' 443' ".;';■■ 

P4diiim Araoa, 523; ardmatlcum, 5x0; 
■ ■■ Gattleianum,, saa, 523; Cittldanuro 
■' ■■', ';5237 chlaensftt 523, ciliatum, 

3X6; cugeaiolde^, 5x6; fluvlatll©, $x6 
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Friedrichstiialianiim, 523 ; granclii'oliiim, 
516; Giiajava, 516, 520, 522; incaiies- 
cexis, 516; liicidiim, 523; molle, 52!; 
iiioiit anil 111, 523; sinense, 523; striatii- 
liim, 416. 

Psiidotsuga mucratona, 432, 433 
Psycliotria grandiiiora, 155; Iiexancira, 
155; hirta, 155 
Pteralyxia niacrocarpa, 154 
Pteridium aquilinimi, 32, 55 
Pterotropia clipyrena, 152; g'ymiiocarpa, 
152; kavaieiivsis, 152 

Pulsatilla liidoviciaiia, 442, 446; occi- 
dental! s, 441 

Pyrola chlorantha, 433; minor, 433, 436; 
secunda, 433, 436; uliginof?a, 434, 436, 
448 ^ I 

PjaTocoma Clcmentis, 440 
Pyriis betidaefolia, 457; Bretsclineideri, 
437; Malus, 249; ovoidea, 457; phaeo- 
carpa, 457 . 

Quantitative, volumetric and dynamic 
study of the vegetation of the Finns 
Taeda belt of Virginia and the Caro- 
linas, A, 39 

Quercus alba, 50, 55, 133, 136; Catesbaei, 
56, 55; cinerea, si» 55; coccinea, 135, 
^36, 275; digitata, 133; falcata, 30, 
136; georgiana, 135; irnbricaria, 135; 
laurifoHa, 31. 55; lyrata, 51, 55; mari- 
landica, 133; 47, 49, 50; Michauxii, 5.1, 
55; nigra, 50, 55. i35; palustris,* 275; 
Phellos, 50, 13s; Priniis, 135, 136, 275; 
ptmiilla, SI, 55; rubra, 13s, 136; stel- 
lata, 50; velutina, 135, 136; virginiana, 

13s 

Rabdoids, 393 

Radicula aipina, 448; curvipCvS, 449; 

sylvestris, 381; Underwoodii, 449 
Raillardia arborea, 157; Menzicsil, 157; 

strutliioioides, 157 
Ramalina peruviana, 325 
Ranuncuiaceae, 179 

Ranunculus affinis, 104, 448; alismae- 
folius, 439, 449; alismellus, 441, 449; 
alpeophilus, 439, 452; cardeophyllus, 
104; EschscholtzH, 439, 452; eximius, 
439> 44S; Helleri, 449; micropetalus, 
439, 449; saxicola, 441,; Suksdorfii, 441, ; 
449; sten'olobus, 449 ' ; 

Rauwolfia sandwicensis, 154 . 
Rectolejeunea, 527 ' 

Reed, E* L, Meadow vegetation in the 
montane region of northern Colorado, 
97 

Relationship of the' genus Kuehneola, 501 . 
Revision of,, the genus Polygonatum in 
' North 'America, A, 117 ■ 

Reynoldsia. sandwicensis, 152 , ■ ■ 

Rhamnaceaediso ' ' 


, Rlicxia alifanus, 52; mariana, 53 
■ Rliiiianlluis ('rista-galli, loj. 105 
; 'Rliizopus aniii/us, 231, 287; riigricaii;^, 
248, 231, 2'87, 309; iiodosiis, 309 
Rhodiola intcgrifoliu, 443, poly- 

gaina, 444 

RliiivS copailina, 51:, 55; se.uiilala sand'- 
wicensis, 150 

Rhynohospora axillaris, 53; coniiciilutii, 
53; inexiiansa, 52 
Rhyiicli oMtcgi iim sc‘rr ul a t uin , 3 7 0 
Ribes coloradonse, 43d; glandiilosuni, 
43 7» 43i^; hudscmiaiuini, 434, 437, 438; 
Iaxi,fionmi, 434, 437; inontigeniiui, 

453; parvuluin, 453; petiolare, 434, 437; 
Wolhi, 436 

Riddle, L. W* Some noteworthy liclions 
from Jamaica, 321 
Robinia Pseiidacada, 275, 276 
liocK, J. E. IJawatian trees — a criti- 
cism, 545; Notes on Hawaiian I.obdioi« 
deae, with descriptioim of new species 
and varieties, 229 
Rockia, 546. 

I^ollandia liuinboldtiana, 232; truncal a, 
234 

Romanzoifia Lcibergii, 452; sitcheiisis, 
452 

Rondeletiaalaternoidcs, 21, 23, 24; anieri- 
cana, 20, '31; angustata, 2.1, 24; avenia, 
26; baracoensis, 22, 27; bxcolo,r, 22, 
30; brachycarpa, 21,24; buxifolia, 25; 
calcicola, 21, 25; camarioca, 22, 28*. 
camagueyensis, 22, 30; canellaefolia^ 
2T, 24; chamaebiixifoHu, 22, 26; Comlj- 
sii, 22, 28;'correifolia, 21:, 25; hypolcura, 
22, 29; insularis, 22, 28; intermixta, 22, 
26; laevigata, 313 heoni, 21, 26; k'p- 
tacantha, 3.1 ; TJndeiiiaua, 2 1, 25 ; Iowumi- 
sis, 22, 27; microdon, 30; microphylla, 
21, 23; nima,nimae, ai, 26; nipeiiRls, 22, 
27; odorata, '20, ,22; pachyphylla, ai, 
23; pedicellaris, at, 23; pcdunculariH, 

. 21, 23; Poitaei,27; Poitael «ucro|>hylla» 
28; rigida, 22, 27; Riigelii, 22, 28; 
savannarum, 22, 29; Shaferi, 21, 23; 
speciosa, 22; stdiata, 21, 24,25; siilw 
glabra, 21,, 24; tinifolia, aa, 29; tri folia, 
24; lunbellata, 25; vacciniifolla, 22, 30; 
venosa, 22, 29; yamuriensis, at, as 
Rondeletia in Cuba, 20 , , 

Rosa abietoruni, 82; AkIersomI, f>6, 70, 
73, 80; amplifolia, 82; aplciilata, 82, 83; 
Aschersoniana, 71; Bolanderi, 68, 797 
brachycarpa, 66, 71; Brewed, 71; 
Bridgesii, 68, 73. 'S2, 83; Brownii, 66, 
70; calavera, 67, 72, 73; califomica, 
66, 70-73,4 califomica glabrata, 7 $; 
califomica Petersiana,'7i ; Carolina, 382, 

, 383; chrysocarpa,67, 74; Copelandiipda, 

^ 80; crenulata, 82', 83; dasypoda, 68, ,82, ; 
.■83; Bayyi, ,67, ^76; ,Bndleyi» ,6^' 734 
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Engeloiaiini, 77; FeiulluTi, 77; ' 

nlosa., 7 t;' e.laiiciderTuisj 82; graiuilata, 
(>S„ 78; a,nit.isainui, 68, '/8; Greeaeij 
66, 71; !.*.yiini«earj)a, 68, 79, 8a’; gyni- 
iiocarpa piibeKcuriH, 83; Ilellerl, 82; 
laxa, 383; lciiK’'<»p‘-uy, 82; Macoiiiul, 79, 
84; iTiiiuiliHoro., 68; ruinutifolla, 81; 
Btoiia. veil, sis, 67, 75; muriculata, 66, 67, 
(}(); inyiiantlia, 67, 74, 75; nitirla, 3 S3; : 
iiiitkaiia, 66, 69, 70; obovata, 383; 
pilifciriia 68, 80; piiietornm, 67, 72; 
pib'ijalon'a, 82, 83; pisocarpa, 67, 74-79; 
Pringlelj 68, 79; prioiiota, 68, 82; 
rivalis, 6 % 74; rotinidata, 67, 76; rubi« 
ginoHa, (S6, 69; salictonmi, 68, 77; san- 
tae-crucis, 67, 73; sonomensis, 68, 8 t, 
83; spiliiaaiaea, 68, 8t; iiltnunontana, 
68, 77; virginiaaa, 3182, 383; Woodsii, 
74 . 75 . 77 
Riibiaevav, 154 

Riibus aciUiJiy, ,-|.5o; arcticiis, 450; Cliam- 
aeinorus, 430; crtiieifoUus, 51; geoidcH, 
5’02, sio; liawaietisis, 235 
Riiclbeckia iiava, 106 
Rtimexalpiniis, 50B; tlensiflorus, ■1:04 
Riitaceac, ,T4B 

Rydfocirgia Brandegei, 4,40; grandiilora, 
107 

Ry,DBisa<'i, P, A, Notes on Rosaceae — 
XI, 65; Phytogeograpbical notCvS on 
tlie RockjJ" Moimtain Region — VIL 
B'ormutions in the Subalpine Zone, 43 1 

Sabbatia lanceolate, '53 
Saghia, saginoides, 452 
Saglttaria riglda, 372 
Salicaceae, 1:75 

Salicornia ambsgua, 427; depressa, 427; 
europaea, 427; fruticosa, 426; xaibra, 
427; |,)C'retini0, 426, 427 
Salk, 276; alaxensis, 450; atbusciiloides, 
450;, ilarkleyi, 450; Barrettiana, 450; 
'brachycarpa, 435, 437, 449; cascaden* 
8ls,44S; ddoropiiylla, 450; commutata, 
4S;6; dosertoritm, 450; Dnnmnondiana, 
4SO,bFemaldil, 445; llexiiosa,' 169, 175, 
X77; . glaiicops, 449; Hookeriana, 43S,, 
"450; i^esciuerehxiit 169, 176; myrUlH- 
folia, 450; nigra, 49, so, 55; petrophila, 
443; , proteaefoHa, ' . 1765 ,, pseudolap* 
ponnm, 449; ^ ^ pseudomyteipiteH, 450; 
saxlmontana,443; vSeemannii, 44s, 450; 
Tweedy! * 450; Wolfd, 43,6, 43B, 449 
Salomonia biflora, 118; cobrensis, 26; 

commutate,,: 1 23 y ^ 

Salsola pestifer,' 379; 'Tragus, 379 ■’ ■ 
Sambucus microbotrys'f 436, 438 
.Santataceae* 147 

Santaluitt elliptieiim., i'47;' Rreycinetian- 
Eto, 1477 baleakakd, ,147; pyrulattute, 
147 ^ „ 

Sapindaceae,, 130, 1S6 ■ ' ' , , . 


Sapindns Alomsoiii, 169, 1S6; oahueiisis, 
150; Saponaria, 3 50 
Sapotaveae, 153 
Sarutbra gentianoides, 53 
Surmrenta fla,va, 52, 55; purpurea, 53 
Sassafras vanifolfuiri, 51; 

Satureia vulgaris, 386 
SavasLana odorata, 103 
Saxifraga ceniiia, 452; debilis, 452 
vSaxi fragaceae , x 4.7 

Scaevei>!a Cliarnissoniana, 156; glabra, 
X36; proccra, 156 

Sehissna aduucung 208; juniperiiiurn, 
208, 219; Sendtneri, 206, 212; struinh 
neum, ipr, 206-208, 213 
Schroeteriaster cingens, 509; Crotonis, 
508; Glodiidii, 508; mexicxums, ’“508; 
stratosus, 508 

SdrpUvS cai^spitosus, 448; Eriopliorurji, 52, 
S 5 » 376; novae-aiigllae, 375'; Oincyi, 
375; paudllorns, 448, 453 
Sedum vStenopetaliim, 104, 107, loS; 

telephioides, 38:1: 

Selagindia deiisa, 453 
Sendtnera adurica Dkksoniana, 208; 
adunca Hutd’dasiae, 214, 215; Junl* 
perina, 208, 2x0, 219, 221; Sauteriaua, 
2T2; straminea, 208 

Seiiedo ambrosioides, 436, 445; amplec- 
tans, 434, 436, 441; anacktiw, 441:; 
atratus, 440, 449; cathamoidea, 453; 
dilorautliMS, 441; CTaasiiIus, 440, 449; 
crocaiua, io6, 444; cyinbaiarloidevS, 440, 
444; fedifoUus, 445; Blintii, 107; folio- 
sus, 441; Frecinoiitii, 453; Harbourii, 
453; Hoiinii, 447, 453; Hookeri, 441; 
inveiiustus, 453; Jonesii, 443; lapathi- 
■ folius, 441, 449; lugens, 441; megoceph- 
alus, 44 r; nuilticapitatus, 441; Neb 
sonii, 443, 444; paucifiorus, 440; per- 
piexans, 440; perplexus, xo6; pettocal- 
\ls, 445, 454; pscudatircus, 438, 440; 
'pudlctia, 44X; 'PiirHliianua, 442, 446; 
scDpuUnus, 106; Soldandla, 447. 453 » 
saliena, 451; taraxacokles, 447; trian- 
gulam, ,106, 451; tomentosiia, 52, 55; 
werneriaefoliiis,, 447 

Sequoia ambigna, X73; condiina, x68, 
169, j: 72; fastigiata, X'73; hetoropliylla, 

169, X72 

Shear, C. L,, & Stevens, N. Bk Tbe 
botanical .work uf Ezra, MIchener, 547 
Sibbaldia procumbeuvs, 443,'446 
Sida Eggersii, 37; rhombifolia, 53 ; ■■ 

•Sidalcea'capdida, 105 
Sideroxylon auhiense, iS 3 ;'Cete 8 Gli!','iS 3 ''» 
rhyndiOHpermum , 153; ' ,■ sandwi cettse* 

' 1.53,; ^pathulatum, IS3 
Slversia dliata, 99, xoo, 3C04, 438» 

,.',449^.44i, 445 

Siknetecaulia, 446; auglica* 3795 
3 : 7 S>» DouglasM, 43 Pi 44 X, Eyallib 44 S? 



Aiciiziesii, 437; iirulticaiilis, 445; nocU- 
fiora, 379; oregana, 43S, 441; repens, 
43 J^. 441 

Silphiiiin compOBitum, 53 
Siiiapis alba, 381 
Sisynibriiim Tlialianiuii, 38 1 
SisjTinchium aiig'usti folium, 10 r, 104,378 
vSitanioii brevifolliim, 103; loiigifoliuni, 

103 

Siueiowslda americana, 446; liiieariloba, 
446; iobata, 447; ovalis, 447 
Stnilax laiirifolia, 51, 55; Walieri, 55 
Smith, C\ P. Studies in the genus Lupi- 
nus — 1. A new species of the sub- 
genus Platj'Carpos, 405 
Soiaiiaceae, 154 

Solaiiurn Carterianiim, 154; uigmm, 3S7; 

peregrinum, 387; villosum, 387 
Solidago ciliosa, 4445 deciunbens, 445; 
concinna, 106, 108; niissouriensis, 106, 
107; oreophila, 440» 444; sp., S3 
Some factors influencing the prevalence 
of Endotiiia gyrosa, 127 
Some noteworthy lichens from Jamaica, 
321 

Sophia sophioides, 44s 
Sophora chrysophylla, 148 
Sorbus scopulina, 433 > 435 
Sparganum angUvStifolium, 452; minimum, 
452 

Spathularia Brunnoniana, ,445; Vree- 
landii, 443 
Spinellus, 246 
Spondias mangifera, 510 
Sporobolus asperifoiius, 103 
Sporodinia grandis, 242, 245, 251, 287 
Spraguea inulticeps, 443 
Standlfa', P. C. The Chenopodiaceae of 
the North American Flora, 41 1 
Stemodia parvifiora, 37 
Stenophylius floridanus, 53, 55 
Steiiostomum aristatum, 35; obovatum, 
35 

Stephens, N. E. Some factors in- 
fluencing the prevalence of Endothia 
gyrosa, 127 

Stigmatidium leiostictum, 322 
Stipa minor, 103, 107, 442; Ndsonii, 99, 
100, 103; Tweedyi, 442; viridula, 103 
Straussia Fauriei, 155; hawaiiensis, 155; 
Hildebrandii, 155; kaduana, 155; lepto- 
carpa, 155; longissiina, 155; Mariniana, 
155; onocarpa, 15s 

Structure and development of the plant 
association, The, 463 
Studies in the genus Lupinus— I. A new 
species of the subgenua Platycarpoa, 
40s 

Studies of West Indian plants — I X, x 
Styphelia tameiameia, 153 
Suae da intermedia, 428 
Suttonia Fernseei ,153; Hillebrandii. 153 ; 


kainn'ensis, 153; Kniidseiu!, 153; Jarial- 
ensis, 153; lanceulata, ifys; Lcvriswi imia, 
153; sand wiccusis, 153; spai.liiil;i1 a,, :i 53; 
volcanica, 353; Wawruca'i, 153 
Swertia congesta, 448; scopiiiitia, 4;|S 
SyncephaHs cornu, 2513 287 
SyntheiTsma sanguinafe, 5.2 
vSynthyria dissecla, 44.7; laciiilata, 444., 
447; plantaginc.*a, /j53;*pmnaliiicia,, 444, 
447; renifonnis, 447 

Taraxacum amiiiopliilunp 440; seo|)!j« 
loriim, 444; Taraxacum, Hf2, 106, 108 
Taxodium ascendens, 50, 55; dislicimm, 
SO, 55 

Tecoma rarlicaius, 51, 55 
TelcvSonix heucheriforine, 453; Jaiucsii, 
453 

Teloxys coniiita, 41 7 
Tephrosia angusdfolia, 337 
Teramniis uncinatus, 509 
Tetragonia expansa, 379 
Tetraplasandra hawaiiensis, 152; kaalae, 
152; ianaiensis, 152; Lydgatci, 152; 
meiandra, 1.52; oahtiensls, 152; wakdea- 
lae, ,152; wamieae, 152 
Thalictrum alpinus, 448, 450; dasycar- 
pum, 380; Fendlcri, 100, xoi, 104; 
revoliitum, 380; sparsifloruin, 433 
Thamnidiimi, 287 
Theaceae, 151 

Thelotrema chronosloma, 325; platy- 
carpoides, 325 

Thermopsis divaricarpa, pp-^ioK 
Thespesia populnca, 15.x 
Thlaspi californicum, 441, 442; colora- 
■ dense, 446; glauciun, 439, 442; pur- 
purascens, 446 

Three eriocaulons from the Isle of idnes, 
3X 

Thymelaceae, 151 

Tillandsia tisnooides, 52, 55 

Titim alpimim, 99-"‘io8, 433, 436 

Tofleldia intermedia, 449 

Tonestus laceratiia, 447 

Tormentilla erecta, 503, 504 

Towmsendia florifer, 447; Incana, 442; 

Parryi, 445* 447 
Toxylon pomiferum, 509 
Trema amboinensis, 146 
Trifolium, 538, 540; bracteolaturn, 447; 

Brandegei, 444; dasyphyJhmn 447; 

, lividum, 447; Hayden!, 441 ; monta- 
nense, 445; Parryi, 444; pratense, 106, 

■ X08, 539; repens, 100, 106, loH; stenolo- 
bum, 447 

Trisetum majus, 439;^ montanurn,, 438; 

eubspicatum, 103, 439, 

Triticum vulgare, 483 
TroIIius aibiflorus, 448 
Trypethelium verrucosum, 32$' '' 

Typha latifolia, S3dSS 
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IJlimis carnp(‘slris, 289 
'Urr<!ina('orH% 508 

IJredo Aerielpv 1101 lien is, 509; Brideliae, 
509; Croloinrisu'n 509; iVm^strala, 508; 
i'jcimi, 50C); I-t'ici, 509; Lo,nnnae, 510; 
olitusa. Spondkulis, 510; Visnae, 

S«9 

IJ'rera sandwiccmsis, i;.},'? 

UromyroH alpinus, 508 
Urticaccae, 1:47 

Vaccaria Vaccaria, 380; vulgaris, 380 
Vaacininm caespitnsiiin, 107, 433; globii- 
lare, 434; occidentaie, 434; oreophiluni, 
433; wcoparinin, 433, 43 5 » 437; uUgi- 
iiosinn, 450; Vitis-Idaea, 450 
Vagiiera steltata, 433, 436, 437 
Valdbergilla Kingi, 444; moritaiia, 444 
Valeriana aciitiloba, 445; ediiHs, 440, 444; 
f urfurasrens, 99, 100, ,[o,t, to 6; mtcran- 
tha, 106; ovata, 434; piirpiirascens, 436; 
septentrionalis, 445 

Veratnim speciosuni, 437 . 439; tcmiipeta- 
limi, 440 

Vernonia angiwtifoHa, 52 
Veronica aiiiericana, 448, 451, 452; sciitel- 
lata, 453; aerpyllifolia, 433, 436; Tour- 
nefortii, 36; WonuvSkioldii, 440, 449, 452 
Veniicaria cestrensia, 551 ; odiraceo-ilava, 
323 

Vil:mrnum niiduiin 51 , 55 


Vieia ainericajia, 53S, 540; aiigiistifolla, 
383; angiistifoJia si^getalis, 383; Cracca, 

3«4 

Viola adiiiica, 445, 447; liellidifolia, 440; 
tlavovirens, 454; iieoniexicana, 433» 
436; tricolor, 384, 

Vitis Veitchii, 268 

WEATHKiavAx, P. The development of 
the spikeletvS of Zea Mays, 483 

Widdringtonites Reicliii, 173; siibtilis, 
169, 173 

Wikstroemia fiircata, 152; oahiiensis, 15 1; 
sail dwicensis ,151 

Xanthoxyluiri dipetaliim, 149; glandnlo" 
sum, 149; hawaiiense, 148; kauaieOvSc, 
149; niauiense, 1,49; oahuense, 148 

Xenophyllum Doughusii, 435, 445; tenax, 
435. 445 

Xylosma hawaiiense, 151; liillebrandiig 
t5i 

Xyris sp., 52 

Zea Mays, The development of the spike- 
lets of, 483 

Zenobia cassinifoUa, 52, 55 

Zornia diphylla, 338 

Zygadcnus glaberrimiis, 53 

Zygorliynchus hcterogamiis, 247; Milleri* 
247; Vuillemini, 251:, 308 
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